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Getting Started

If this is your first time using DrugMatrix, it will be helpful to read the DrugMatrix
Overview section of the DrugMatrix Reference Guide to familiarize yourself
with parts of the DrugMatrix user interface and how information is organized. If
you have questions regarding computations used for different types of data
modeling in DrugMatrix, please refer to the DrugMatrix Calculations white
paper. Both documents are available by clicking on HELP in the upper right hand
corner of the User Interface.

Exercise 1: An Initial Query of DrugMatrix

As an introduction to DrugMatrix, the first exercise will show you how to use the
very simple text search capability to extract information from the database and
how to save information that you can use in other searches and with various
other analysis tools.

You will learn to:

» Formulate simple queries and obtain background information about a
compound.

* Populate Chemogenomic Domain Reports and use the information presented
there to further investigate targeted drugs.

» Work with, manipulate and visualize lists of saved items.

Exercise 1 ~ Part 1 ~ Simple Search

There have been various studies comparing the effectiveness of Vioxx® and
Celebrex® over older NSAIDs for the treatment of arthritis. This section will
demonstrate how to extract information from the database that will allow you to
compare and contrast features of these compounds.

Begin with a simple search for compounds similar to Vioxx.

Step 1 Select the SEARCH tab (selected by default).

Step 2 In the FIND TEXT field, enter “vioxx”.

Step 3 Use the WITHIN DOMAIN drop down menu to select the COMPOUND domain
for the query.

Step 4 Click the DISPLAY button.

Step 5 Click on ROFECOXIB to populate the appropriate Compound Domain
Report with all the information available in DrugMatrix about this drug.

Notice in the List Display area that the compound ROFECOXIB, for which vIOXxX is
a brand name, has been retrieved by this query. When you search the
COMPOUND domain using brand names or other synonyms, DrugMatrix will
display the actual compound name at the top of the COMPOUND domain report.






Exercise 1 ~ Part 1 ~ Steps 1thru 5

Step1

FIND TEXT

Step2 —| |Vioxx

WITHIN DOMAIN

Compound v +— Step3

B osriny | «— Stepd

¥l HENU LIST DISFLAY

COMPOUND

This will display the Compound Domain report showing compounds similar in
structure to ROFECOXIB.

Step 6 Click on SYNONYMS to display a list of other names for ROFECOXIB. Notice
the name vIiOxx appears in this list. A search for any of these synonyms would
have returned the same result.

Step 7 The SCORE tab indicates similarity between compounds.

Step 8 To find out what is known about \vi0oxx click on the CURATION tab. This
panel will display extensive information such as the health conditions for which
this drug is prescribed, toxicities of this drug, adverse effects and so forth.

Step 9 Click on PHARMA tab to view the pharmacological information. You can
mouse over items on this panel for additional information. To read the original
publication that describes the animal studies and pharmacology of this drug, click
on one of the assays that has a "document” symbol on the left.



Exercise 1 ~ Part 1 ~ Steps 6 thru 9

Stepb Step7 Step8 Step9

HDFEGDKIEl

H =vies B svnofvus

B icenTiFIERS B rHrsicAL FROFRS.

Compound: EOFECOHIE

E FROEREILITY Molecular Structure:
0,09
........................................... 0,0
P

""""""""" L-748,731
----------------- MK-D966 o
_________________ ME-966 . B
_________________ MSE-7202358 ] olecular Weight: 314

Vions Formula: C17 H14 04 5
_________________ Vionn (Merck & Cay, CH, DE, GB, M¥, SE, US;Merck "]  Development Status: withdrawn by
----------------- Frosst, CA) SmE s Manufacturer, Sep 2004

Step 10 To export the ROFECOXIB similar compound list select EXPORT from the
MENU at the SIMILAR panel.

This provides the option to open or save the file in excel format. Any list you
generate is exportable to Excel. This enables you to work with lists outside of
DrugMatrix, and to import them back into DrugMatrix.

Step 11 Select SAVE LIST from the menu on the SIMILAR panel to save the list of
similar compounds in DrugMatrix workspace.

Exercise 1 ~ Part 1 ~ Steps 10 and 11
Stepi1

=l FAYORITES i BRACH *FORLW

Step10 EOFECOXIE

SAVE LIST
CHECHK ALL

UMZHECK ALL

EXFORT

MERITIOSTAME

Step 12 Enter the name Vioxx-like compounds in the NAME field of the SAVE
LIST dialog window.
Step 13 Give the name a brief description in the DESCRIPTION field, if you wish.
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Step 14 Click the SAVE button to save the list.

Exercise 1 ~ Part 1 ~ Steps 12 thru 14

SELEGT WHERE TO SAVYE THE HEW LIST

ﬂ Workspace

. hepatosic expression

hepataxin_liver

E N

MAME
Step12—.4\.‘ioxx-like compounds

DESCRIFTION
Step‘ls_-l‘(:ompounds with zirnilar structure to Vioxxl

Step14

H cancer | B save -

Exercise 1 ~ Part 2 ~ Working with List Management Tools

In order to gain familiarity with List Management tools, we will compare the gene
expression profiles of the genes which are transcriptionally regulated by the
administration of viOxx and CELECOXIB In rat:

Step 1 If the compound domain panel is not currently populated with the list of
ROFECOXIB compounds, follow steps 1 thru 5 of Exercise 1 ~ Part 1 to generate
a compound domain report on ROFECOXIB.

Step 2 Click on the INDUCED and REPRESSED tab separately to list the set of
genes that are up-regulated and down-regulated respectively, by the
administration of vioxx and the experiments associated with the observation.
Notice that TISSUE FILTER: LIVER is indicated next to the TISSUES button.

Step 3 Click on the EXPAND button to expand the window to show all columns.

Exercise 1 ~ Part 2 ~ Steps 2 and 3

Step2 Step3

FOFECQ x|

H =miLe=s B 5vronvms B icenTIFIERS B FHvsicAL FROFS.

*1 MENWU 31 TISSUES




Step 4 Now click on the TISSUES button and choose HEART. Notice that the
TISSUE FILTER description changes to HEART.

With the INDUCED panel expanded you should see something like this.

Exercise 1 ~ Part 2 ~ Step 4

Stepd

FOFECOQXIE

B svHonyHE B IcENTIFIERS B FHYSICAL FROFS.

. brain-specific angiogenesis inh...

ROFECORIB-23d-775maf k... turmor necrosis fackor receptaor .

ROFECOHIB-2d-77Srmask.,, 5100 calcium binding protein A

ROFECORIB-23d-775mgfk... Kruppel-like factor 5 (1368363...

ROFECORIB-23d-775maf k... LIM and cysteine-rich dormains...

Step 5 Move your mouse over individual experiments for a description of the in
vivo studies.

Step 6 To save the list of genes induced by ROFECOXIB, select SAVE GENE LIST
from the MENU on DOMAIN REPORT sub panels.

NOTE: When you save a list, only the checked items will be saved. This menu
provides the option to check or uncheck all items in the list.

Exercise 1 ~ Part 2 ~ Step 6

Stepb  LorpcowiE

H sviLes

B svHonvHs B IDENTIFIERS

HrFH

1 HEHU *l TISSUES

SAVE EXFERIMEMT LIST

SAVE GEME LIST . fos-like antigen 1 (M19651 PR...

Il cHECK ALL e R R
L. brain-specific angiogenesiz inh..,
FEE  UNCHECHK ALL & Rt b
. turmnor necrosiz factor receptor ...

Rl EMPORT o e e e e
[y |

Step 7 In the SAVE LIST dialog, click on the NEW FOLDER icon and CREATE a new
folder in your WORKSPACE called NSAIDs.

Step 8 In the SAVE LIST dialog, select the NSAIDs folder you have just created.



Step 9 Save your new list named as Vioxx Selective Genes. Provide an optional
description if you like, e.g. genes up-regulated by Vioxx.
Exercise 1 ~ Part 2 ~ Steps 7 thru 9

SELECT WHERE TO SAVE THE MEW LIST

B Sirvastatin_3_1200 StepT

Simvastatin_cholesteral

. Sirnilar_pattern_simvastatin /
Steps [BRNsATDs /

MELW FOLDEF

MAME i

|NSAIDs|

DESCRIFTION
MAME

Wioxx-selective Genes

CESCRIFTION
Gene up-regulated by Viawx

B cancer | B save %l Stepg

B crnceL H crefTE

Step 10 Click on the WORKSPACE tab in the SEARCH-WORKSPACE area on the left.
Step 11 Move your mouse over the saved list to see how many genes were
induced by Vioxx.

Exercise 1 ~ Part 2 ~ Steps 10 and 11

SEAFR {SPACE

[=] DY AT =
Ml WORKESFACGE B (=13 TOOLEOQX

ﬂ Workspace
[EF NsATDs
StEP11 L . Wiond Selective Genes
. Vioxx Selective Genes
N=23r8
DescHpton:

Step 12 Next do a COMPOUND search on CELECOXIB (as in steps 1 thru 5 of
Exercise 1 ~ Part 1).

Step 13 Save the CELECOXIB induced genes in heart experiments with the name
Celebrex-selective genes (as in steps 6, 8 and 9 of Exercise 1 ~ Part 2).
Step 14 Click on the TOOLBOX in the WORKSPACE.

Step 15 In FILE MANAGEMENT area of the Toolbox, select the INTERSECT tool.
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Step 16 Drag the previously saved Vioxx-selective genes and Celecoxib-
selective genes lists into the ‘DROP’ SAVED LISTS field of the INTERSECT tool.
Step 17 Name this new list for example, Vioxx-Celecoxib Intersection and give
it a description, for example Genes common to Vioxx and Celecoxib.

Step 18 Click the INTERSECT button at the bottom of the dialog box to save the list
in your general WORKSPACE. If you have created the folder called NSAIDs you can
save the list within that folder.

Exercise 1 ~ Part 2 ~ Steps 14 thru 18

Step14 Step15

[SEAROW | AOUANGED | WORKSPACE
31 WORKSPAGE LIl

[ER workspace

z NSAID INTERSECT

Step16 —— s I Viow
. Celeco

--------- ‘DROF' SAVED LISTS

.- io Selective Genes: [378] remove

s [349]remove

2 o G5 @ @ S eeeaments b
T — GENES 5> PATHWAYS
LIST DISPLAY

COMPOUND _

....................................... SELECT WHERE TO SAVE THE NEW LIST

--------------------------------------- =) (B8 workspace
______________________________________________________ Eansams
| T el
- EXPRESSION EXPER AL
E HATAIX Vioxx-Celecoxib intersection . = Step17
DESCRIFTION /
----------------- Genes cornmon to Viexx and Celecoxib

Step18

H canceL B mtersecT—

Although inspection of the genes in the intersect shows no obvious linkage, the
number of overlapping genes is statistically significant, confirming that these two
drugs are perturbing the expression patterns in the heart samples in a similar
manner.

Other Possibilities ~

If you are interested in knowing the genes that are up-regulated only by Vioxx,
but not Celecoxib, click on the SUBTRACT tool from the TOOLBOX and drag the
VI0xx file onto the SUBTRACT FROM tool and drag the CELECOXIB file into the
LIST/FAVORITE field.

11



Conclusions to Exercise 1

This exercise has introduced you to some of the basic features and functions of
DrugMatrix query tools. You have learned some techniques that will help you
begin to extract information from DrugMatrix that is specific to your particular
research.
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Exercise 2: Advanced Search Queries

In the previous exercise, you learned to extract information from the database
using the simple SEARCH tool and you learned how to save lists of information
you extracted.

DrugMatrix also offers more advanced search capabilities via the ADVANCED tab
of the SEARCH WORKSPACE area. With this tool, a number of filters can be
combined to narrow searches for relevant data. The DrugMatrix database has
been structured so that these queries can combine information across domains,
allowing very powerful searches. Combined with the use of result lists and list
manipulation tools, highly complex searches can be carried out. As you become
more familiar with these tools you can organize information extracted from the
data base in a way that best suits your specific research goals.

In this exercise you will learn to:

» Use the ADVANCED search tools to narrow search results with a combination of
predefined terms and using Boolean operators.

* Explore information presented in various Domain Reports.

» Generate a number of specific database queries based on examples provided.

Exercise 2 ~ Part 1 ~ Build an Expression Experiment Advanced Query

In this exercise you will use the ADVANCED search tools to identify Vioxx-like
expression profiles.

In order to identify Vioxx-like expression profiles:
Step 1 Click on the ADVANCED search tab.

Step 2 Select EXPRESSION from the pull-down menu.
Step 3 Click on ADD CRITERIA.

Exercise 2 ~ Part 1 ~ Steps 1thru 3

Step1

|

ADVANCED

l. SEARCH +— Stepd

FIND

Expression -

Select -
— Gene
N Compound
| Azzay
Step2 —» |Exprassion
| Pathway
| Expr. Study
| Motif
| Signature
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Step 4 In the ADD CRITERIA panel click on the criteria indicated in the color cyan
below. Then type “rofecoxib” into the text box and press the RUN QUERY button.

Exercise 2 ~ Part 1 ~ Step 4

Stepd

ADD CRITERIA 4 CLOSE

Find expression experiments which have®xpression profiles similar ta experiments that were treated with compounds whose
names exacty match ...

¥
L | that were treated bith cormpowunds whose | vy ekl ]
names
which have histop ology data that were treated with cornpoun begin with
| which _haue expression profiles similar to il mesnag ol ard] ol
experiments
that show transcriptional responses that are contain
which have clinical chemistry responses with array technology platforms that
which are related to motifs with similarity scares th

which have (details) for

which are related to signatures

Erofecoxib \ -

B run auery

Step 5 When the search is complete, the ADVANCED SEARCH panel shows the
criteria by which you have searched. It also indicates the resulting number of
records.

Exercise 2 ~Part 1 ~ Step 5

ADVAMCED

SEARCH ADD CRITERIA >

FIMD
| Exprezsion -
—_— | u =150 B cLenr ALL H cisFrLav
Search resultg whene , , CEHBVE
. Find expression experiments which
dISpla'y'Ed have exprassion profiles zimilar to
——p | experiments that were treated with
compounds whose names exactly
rmatch rofecoxib
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To limit the search to experiments that are very similar you can require that the
Pearson’s similarity score be above a specific threshold.

Step 6 Click ADD CRITERIA, add the criteria indicated in cyan below.

Note: As you select criteria in each column of an ADD CRITERIA panel, the next
column of related choices will be displayed. The choice you make in each column,
determines the selections that will be presented in the following column.

Step 7 Type “0.6” into the entry field.

Step 8 Click RUN QUERY.

Exercise 2 ~ Part 1 ~ Steps 6 thru 8

Stept

ADD CRITERIA {4 CLOSE

Find expression experiments which haveexpression profiles|similar to experiments with similarity scores that are greater
than ...

et e that ware trelated with cormmpounds whose [ e st Hrem =
names
which have hista olagy data that ware trelated with compounds less than

which have expreszion profiles similar to |

- with narmes fhat equal to
experiments

that show transcriptional responzes that are

which have clinical chemistry responses with array teghnology platforms that

which are related to motifs — with similarity scores that are S

which have [detailz) for

which are related to signatures

Step?7 — |04 -

Stepa p——— - LIUR-T3

When the search is complete, the ADVANCED SEARCH panel shows all of the
criteria by which you have searched. It also indicates the number of expression
experiments you have identified using these criteria.

Step 9 Click the DISPLAY button to display this list of experiments below the panel.
Step 10 Click on the experiment VALDECOXIB-3d-404mg/kg-HE-RATM-RU1L.

15



Exercise 2 ~ Part 1 ~ Steps 9 and 10

| AovAncED
ADUANCED SEARCH ADD CRITERIA

FIND

Expression -

M= B cienr Al | Bl DispLAy e— Stepg

WHERE: EEMOUE
Find expreszion expetirnents which
have expreszsion profiles similar to
experiments that were treated with
compounds whose names exactly
rnatch rofecoxib

AND: EEHOWE
Find expression experiments which
have expression profiles sirmilar to
experiments with similarity scores that
are greater than 0.6

¥l HEHU LIST DISFLAY

This will populate an EXPRESSION domain report that you can use to observe how
strongly VALDECOXIB perturbed gene expression in this experiment. You can look
at the percentages of genes up regulated and down regulated, and you can view
which genes were perturbed.

Notice that the name of the experiment you selected appears top of this report.
On the SIMILAR panel, experiments are listed by similarity of their expression
profiles (as shown in the CORR. COEFF column) to the VALDECOXIB experiment
you selected.

Step 11 Click on the TRANSCR. RESP. button to display a graph showing the
number and percent of genes that are up-regulated, down-regulated and
unchanged in this experiment.

Step 12 Click on the INDUCED and REPRESSED tabs to see detailed information
about genes that were up and down regulated in this experiment.

To look at the whole study, of which the above individual experiment is a
component:

Step 13 Click on the link VALDECOXIB-RATM in the DETAIL panel.

16



Exercise 2 ~ Part 1 ~ Steps 11 thru 13

Step11 Step12

A

ExPeriment—"'UHLD%ED E-ZP-404MG/HKG-HE-RATHM-RLY

Name B rrans¥n. nes

M TRANSGR. RESFONSE

Induced : 668{ 65%)
Repressed : 372({ 4%)
Unchanged : 9415( 90%)

B induced O Repressed [ Unchanged

RU1-RATM-HE-ICX5608557-404mg fkq-3d

3156556
0094624

6515595
451607
5435927

0,38542884

0,40798829

0,39615351

0.3844528%5

IEEREREREREY forieFavie] [RoTee [Frce] [Trmnie] -_

Description:

Transcriptional profile of 2 3.0d timepoint
for treatment of Rat, Male, CD-1GS,
Sprague Dawley with 404, 0malkg of
VALDECOXIE on RUL arrays,

Compound:

Molecular Structure:
o]
H

-
%ﬁ

Array Technology: BIOCHIP

Dose Level: HI

Vehicle: cMC .5 %

Administration Route: ORAL GAVAGE

Administration Frequancy: DAILY

Strain Name: RATM

CTL Label: 5-Alena

EXP Label: 5-aleua

Study:

VALDECOXI

This will now populate an EXPR. STUDY Domain Report. An Expression Study is a
set of experiments done during a narrow window of time using various doses of a
particular drug at various time intervals. This report gives us access to
information about how the study was derived, the other experiments in the study,
histopathology and clinical pathology information, and a variety of other
aggregated information to help provide context for this experiment.

Step 14 Click on the PATHLAB REPORT button to view histopathology and clinical
pathology reports. This will display a PDF report in a separate browser window.

Note: You can use the BACK and FORWARD buttons to move between Domain
Reports you have just viewed. You can also navigate using the Domain Report

tabs.
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Exercise 2 ~ Part 1 ~ Step 14

Use to move between Current Domain Reports
Domain Reports Step14

*l FAVORITES <1 BEACH

YALDECOXIE-FRATH

B TiME course B coze rEsFONSE B FATHLAE REFORT Bl coze JusTIFICATION

Description:

Transcriptional profiles resulting frarm the
treatment of Rat, Male, CD-1GS, Sprague
Dawley with WALDECOXIB,

Compound: 4 DECOHIE

Molecular Stucture:

a0

=
N
]
N

Salt Form:

Purity: Mot Available

Strain Name: RATM

Exercise 2 ~ Part 2 ~ Examples of Various Queries

This section provides several examples of advanced queries. You can generate
advanced queries for any of the six different chemogenomic domains: Genes,
Compounds, Assays, Expression, Pathways and Expression studies. This
section provides several examples of advanced queries.

Exercise 2 ~ Part 2 ~ Search for Expression Experiments ~ Example 1

Suppose we want to find experiments that impact cell division, such as treatment
with certain classes of anti-cancer agents. Since white blood cells rapidly divide,
a count of these cells in blood is used as an indicator of compound activity.
DrugMatrix has data for white cell counts, so we can query for experiments
where the animal's blood had a reduced white blood cell count.

The following query results were obtained by running an initial query which
retrieved a large number of experiments. The query was then refined by using a
second set of criteria.

Step 1 Click the CLEAR ALL button at the bottom of the ADVANCED panel to
remove all previous search criteria.

Step 2 Click ADVANCED tab and select EXPRESSION.
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Step 3 Click ADD CRITERIA and select

-which have clinical chemistry responses

-in assays with names that

-exactly match

-[leukocyte count]

Step 4 Click the RUN QUERY button at the bottom of the ADD CRITERIA panel
Step 5 Click on ADD CRITERIA (this is equivalent to the Boolean operator “AND”)
and select

-which have clinical chemistry responses

-with log ratio values

-less than

[-0.5]

We are looking for an approximate 3x reduction or logio(1/3) ~ -0.5

Search results from Exercise 2 ~ Part 2 ~ Example 1 ~ Steps 1 thru 5

ADD CRITERIA *

FIMD

EExpression e Step1
Results from both = .E"/
- . M=4= CLEAR ALL DISFLAY
sets of criteria — - o

Find expresszion experiments which
have dinical chemistry responses in
assays with narmes that exactly match
leukocyte count

AND: FEMOUE
Find expresszion experiments which
have dinical chemistry responszes with
lag ratio values less than -0.5

Step 6 Click on the DISPLAY button.

Notice that most of the experiments populated are for anti-cancer drugs.
Step 7 Select SAVE LIST from the MENU button on the LIST DISPLAY panel.
Step 8 Name the list in the SAVE LIST dialog window, for example as
Reduce Leukocyte Count by 3-fold.

Step 9 Click the SAVE button at the bottom of the SAVE LIST dialog window.
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Exercise 2 ~ Part 2 ~ Example 1 ~ Steps 6 thru 9

ADVANCED SEARCH

FIHD

|
ADD CRITERIA *

Stepb

¥ FAVORITES i BACK

Exprassion
VALDECOXIE-RATHM
TIME COURSE DOSE RESFONSE
M= a3 B cLear ALL B msPL"Y a 8 a
WHERE: EEHOVE

Find expression exparmaents which
have clinical chemistry responses in
assays with names that exactly match
leukocyte count

AND: REHOUE
Find expression experiments which
have clinical chemistry responses with
log ratio values less than -0.5

ATE—————————
T cisT DiseLAY
FAVE LIFT
CHECHK ALL

Step7

= UMGHEGK ALL

SELECT WHERE TO SAVE THE NEW LIST
“le

E@nsalns

. Viens=Celeconib intersection

CallEa)

MAHE
Reduce Leukocyte Count by 3-fald

DESCRIFTION

+———Steps

MITORANTRONE-3d-2rngl ..

METHOTREXATE-3d-27 ..
METHOTREXATE-2d-27 m...

B saup t— Stepg

B canceL

We can use the DrugMatrix EXPRESSION EXPERIMENTS > COMPOUNDS tool to get a
discrete list of compounds from this set of experiments.

Step 10 Select the WORKSPACE tab and open the TOOLBOX.

Step 11 Drag this saved list into the EXPRESSION EXPERIMENTS > COMPOUNDS tool.
Step 12 Give the new list a name, for example Expression Compound
Translation.

Step 13 Click the TRANSLATE button at the bottom of the panel.
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Exercise 2 ~ Part 2 ~ Example 1 ~ Steps 11 thru 13

mssmsssssssssssssssssssssssssssssssissssessssssssssssssssssssssmssmnans

= EXFRESFION EXPERIHENTS >
GOMPOUNDE

Step1 1__.. Reduce Leukocyre Count by 3-fold

E CIDTE N exPRESSION EXPERIHENTS » COMPOUNDS EB

E PaTHW | EXPRESSION EXPERIMENT LIST

n ﬁ' E == i |. Reduce Leukocyte Count by 3-fald I ---------
Y :

SELECT WHERE TO SAVE THE HEW LIET -
""""""""""""""""""" (E0 workspace
_ -------- ERnsamos
(] Trosumine-sa-izmer. M e . e Hopai el
(4] miToxantRoNE-Sd-2mar., M B B coteconb Setective Genes [ |-o-ooo-
LYSIS
F B oo Caleconib intersection |~ |} R
CHE e

HNAHE
............. Expression Compound Translate| + Step1 2

_| DESCRIFTION

B carceL B TrANSLATE

W1 eetriiRTCT

Step 14 Now in the WORKSPACE panel, mouse over this list to see how many
compounds are represented by the selected experiments.

Exercise 2 ~ Part 2 ~ Search for Expression Experiments ~ Example 2

A popular class of drugs on the market is used to reduce circulating cholesterol,
one form of which is associated with increased risk of heart toxicity. These drugs
act by directly inhibiting enzymes in the cholesterol biosynthesis pathway.

As an example, you might want to investigate whether other compounds have
similar effects on this pathway. To do this, we will first select the genes involved
in this pathway and then identify other compounds that perturb these genes
similarly to compounds of this class.

Step 1 Select the SEARCH tab and do a basic text query on Cholesterol
Biosynthesis within the PATHWAY domain.

Step 2 Click on the Cholesterol Biosynthesis link to populate the PATHWAY
Domain Report.
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Step 3 Click on the MENU button on the PATHWAY Domain Report panel.

Step 4 Save the list of genes involved in this pathway as Cholesterol
biosynthesis genes.

Exercise 2 ~ Part 2 ~ Example 2 ~ Steps 1 thru 4

¥l FAYORITES <1 BRCGH FEFORWARE
FIMDO TEXT

Step1 =|Cho|ester0| bicsynthesis
P WITHIN DOMAIN CHOLE=TEROL EBIO=’
Pathiay v B rFaTHWAY B cescrIFTION
Step2

* P oisFLAy

SAYE LIST

CHECH ALL

UMCHECH ALL

e —
*1 MEHU LIST DISFLAY

[Feed FATHWAY
SRERP, Regulation of Fatty Acids & Ch

~| EXFORT

Step3

Now search for expression experiments in which cholesterol biosynthesis genes
were perturbed.

Step 5 Click on the ADVANCED TAB and select EXPRESSION from the drop-down
menu.
Step 6 Generate the advanced query shown below.

Exercise 2 ~ Part 2 ~ Example 2 ~ Step 6
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ADD CRITERIA

Find expression experiments that show transcrptional responses for genes in the saved list named ...

which have names for genes whose names — in the saved list named =1

which have histopathology data — for genes =

which _ha-.-e expression profiles similar to i, clgrifiena seaves Hhak are
expearimeants

with log(ratio) expression changes that
ara

with standard dewiations of logiratios)
that are

— that show tranzcriptional responses =

which have clinical chermistry responses

which are related to motifs with narmalized intensities (1-5) that are
which have (details) for

which are related to signatures

- Select - -

Wioxx Selective Genes
Celecoxib Selactive Genes
Wiowx-Celecoxib intersection
Cholesteral Biosynthesis Genes

Notice the large number of expression experiments retrieved from the data base

ADD CRITERIA *

FIND
Expraszion -

Experiments retrieved

from database M= ZESE B crenr A | B oisFLAY
WHERE: FEMOUE

Find expression axperiments that
show transcriptional rezponses for
geres in the zaved list narned
Chalesteral Biosynthesis Genes

One may assume that if cholesterol was reduced, these genes would be
repressed. But, in fact, the organism detects the drop in cholesterol and
increases transcription of these genes to compensate. Therefore, we want to
search for expression experiments showing strong induction of these pathway
genes. Alternatively, we could select experiments for cholesterol-lowering drugs
to determine how these genes are generally perturbed and then use this
information to filter for experiments.

Step 7 In order to search for experiments showing strong induction of cholesterol
biosynthesis genes, continue to refine the search by adding the criteria indicated
below.

Exercise 2 ~ Part 2 ~ Example 2 ~ Step 7
23



ADD CRITERIA

< GLOSE

Find expression experiments that show transcriptional responses with log(ratio) expression changes that are greater than ...

which have names

which have histopatholagy data

which have expreszsian profiles similar to
experiments

— that show tranzcriptional rezponses
which have dinical chemistry responszes
which are related to motifs

which have (details) far

which are related to signatures

for genes whose names
far genes

with significance scores that are

| with logiratic) expreszion changes that
are

with standard deviations of log(ratios)
that are

with norrnalized intensities (1-5) that are

— greater than =

less than

B run Guery

Notice that the addition of this set of criteria has narrowed the results

considerably. You can continue refining your searches by adding as many sets of

criteria as you like. You can also remove individual sets of criteria with the
REMOVE button on the ADVANCED panel.

Indicates number of
records retrieved by
sets of criteria

ADYAMCED SEARCH
FIND

Expression

ADD CRITERIA *

M=z&0 B ciear aee | Bl oiseLAaY

WHERE: FEMOWE
Find expreszion experirments that
show transcriptional responses for
genes in the saved list named
Cholesterol Biosynthesis Genes

AND: REMOWE
Find expression experiments that
show tranzcriptional responzas with log
(ratio] expreszion changes that are
greater than 0.5

[

Use to remove
sets of criteria
.‘_

Exercise 2 ~ Part 3 ~ Search for Compounds ~ Example 1

In this part of the exercise, we will search for compounds based on either
experimental or literature annotation.

First, suppose we want to find compounds that are annotated as hepatotoxicants

Step 1 Select the ADVANCED tab, click ADD CRITERIA and select
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-which have literature annotations with curated category of
-Known Toxicity

-and curated term of

-[Hepatotoxicity]

Step 2 DISPLAY the list.

Step 3 Select SAVE LIST from the menu on the LIST DISPLAY panel.

Exercise 2 ~ Part 3 ~ Example 1 ~ Steps 2 and 3

| OF
ADD CRITERIA >

FIND

ECDI‘I‘IPDUI‘Id e Step2

M= 1ES B cLERR ALL B oisFLay

WHEFRE: FEMOWE
Find cornpounds which have literature
annotations with curated category of
Krown Toxicity and curated term of
COMPOUMD

Step3 LIST DISFLAY

ZAYE LIZT

. CHEGH ALL

MCHECK ALL

___________________

Step 4 In the SAVE LIST dialog box, name the list as Hepatotoxicants.

Step 5 Click the SAVE button at the bottom of the dialog box to save the list.

If we now want to ask what genes might be responsible, a first step would be to
identify expression experiments with these compounds that are in the database.
In order to do this, we will need to use the tool that will convert these compounds
to expression experiments.

Step 6 Open the TOOLBOX and Drag the Hepatotoxicants list onto the
COMPOUNDS > EXPRESSION EXPERIMENTS tool.

This will open the dialog window for that tool with Hepatotoxicants in the
COMPOUND LIST field.

Step 7 In dialog box that appears, name the list to be translated, for example
Compounds to Expression Experiments 1.

Step 8 Click the TRANSLATE button at the bottom of the panel.

Exercise 2 ~ Part 3 ~ Example 1 ~ Steps 6 thru 8
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WORKEPACE

i P —
WORKSPACE FILE MANAGEMENT

DATA TRANSLATION

H GENES > ASSAYS ’ E ASSAYS > GI
h :
i

i COMPOUNDS > EXPRESSION EXPRESSION
EXPERIMENTS COMPOUNDS

Stepe__ BN epat P N A R s

COMPOUNDS > EXPAESSION EXPERIMENTS

COMPOUND LIST

—_—
LTI 57 oiseLay

COMPOUND

................... K +«——— Step7

Compounds to Expression Experiments 1|

DESCRIPTION

B canceL B TrRANSLATE 4+ Step8

Step 9 Mouse over the list name in the WORKSPACE panel to see how many
experiments these compounds were used in.

If you inspect the experiment list, you will notice that all tissues are represented
in the experiment list. How might you refine this list to filter the experiments only
for liver tissues?

HINT: Use the Advanced Query Tool:

Find experiments which have names found in the saved list named “Compounds
to Expression Experiments 1”

And

Find experiments which have (details) for experiments run on tissues that exactly
match “liver”

Exercise 2 ~ Part 3 ~ Search for Compounds ~ Example 2
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Here we want to query the data base for compounds that are used to treat
hypercholesterolemia.

Step 1 Conduct the search indicated in the panel below.

Search results ~ Exercise 2 ~ Part 3 ~ Example 2

| AovANCED H
ADVANCED SEARGCH ADD CRITERIA

FIHMD

Caompound b4
M= 11 B cierr Ace | B oisFLAY
WHERE: REMOWE

Find cormpounds which have literature
annotations with curated categary of
Indication and curated terrmn which
exactly matches hypercholesteralernia

Exercise 2 ~ Part 3 ~ Search for Compounds ~ Example 3

We can even query the data base for compounds that are known to hit targets in
certain pathways, a useful reference when looking for expression profiles to
compare compounds which are suspected to act on the same pathway.

First we will extract list of genes in the Cholesterol Biosynthesis pathway as we
have done in Exercise 2 Part 2 Example 2. Alternatively you can take the list
saved as Cholesterol biosynthesis genes in WORKSPACE tab.

Now we will query the data base for compounds that have known targets that are
found in the Cholesterol biosynthesis pathway.

Step 1 Use the ADVANCED search panel to conduct the search indicated by the
results in the panel below.

Search results Exercise 2 ~ Part 3 ~ Example 3

ADVAMCED = § ADD CRITERIA >

FIND
Caompound h i
M= Bcocerr ree | B oiseLay

WHERE: REMOWVE
Find cornpounds which have protain
targets on gene products in the saved
lizt narmed Cholesteral Biosyntheasziz
Genes
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Consider how you might use a different query to find compounds that perturb
genes in this pathway.

Exercise 2 ~ Part 3 ~ Search for Compounds ~ Example 4

Besides expression data there is a wealth of in vitro assay data available in the
DrugMatrix database. For example, we can search for compounds that bind to
serotonin receptor assays with low IC50 concentrations, such as less than 0.1M.

Step 1 Conduct the search indicated by the results in the panel below.

Search results ~ Exercise 2 ~ Part 3 ~ Example 4

ADD ZRITERIA *

FIMND

Compound hd
M=z=3 B cLerr AL | B oisFLAY
WHERE: FEMOME

Find compounds which have measurad
bio-activities in assays with narmes
contain serotonin

AMD: REMOWE
Find cormmpounds which have measured
bio-activities with ICS0 values lass
than 0.1

Exercise 2 ~ Part 4 ~ Search for Genes ~ Example 1

The Gene Ontology Consortium has annotated many genes according to highly
curated categories. Another way to get a list of genes involved in the cholesterol
biosynthesis pathway is to search for genes that match a GO annotation such as
cholesterol biosynthesis.

Step 1 Conduct the search indicated by the results in the panel below.

Search results ~ Exercise 2 ~ Part 4 ~ Example 1
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ADVAMCED SEARCH ADD CRITERIA »

M= == B cierr Ace | B oisFLav

WHERE: REMOWE
Find genes which have gene ontalagy
annotations that have go annotations
that contain cholesterol biosynthesis

Exercise 2 ~ Part 4 ~ Search for Genes ~ Example 2

We can also extract gene lists for Iconix curated pathways directly rather than
loading a selected pathway as we did in Exercise 2 ~ Part 2 ~ Example 2.

Step 1 Conduct the search indicated by the results in the panel below.

Search results ~ Exercise 2 ~ Part 4 ~ Example 2

ADYMAMCED

=EARCGH ADD CRITERIA *

FIMND

EGene -

M=i1& BHcocierr ALL B oisrLAY

WHERE: FEMOUE
Find genes which belong to pathways
whose names exacly match
chalesteral biosynthesis

Exercise 2 ~ Part 4 ~ Search for Genes ~ Example 3

Another cross domain link allows us to search for genes whose protein product is
the basis of a biochemical assay in DrugMatrix.

Step 1 Conduct the search indicated by the results in the panel below.

Search results ~ Exercise 2 ~ Part 4 ~ Example 3
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ADD CRITERIA >

M =10 HcLear ALL HoizrLav

WHERE: EBEMOUE
Find genes far which activities are
rmeazured in assays whoze names
contain serotonin

Exercise 2 ~ Part 4 ~ Search for Genes ~ Example 4

This example shows you how to find genes whose expression profiles are similar
to genes involved in the cholesterol biosynthesis pathway. This is useful if you
want to find new targets that may be associated with the pathway, or genes in
other pathways that are co-regulated by the selected pathway.

Search results ~ Exercise 2 ~ Part 4 ~ Example 4

ADYVAMCED

JARCED SEARCH ADD CRITERIA >

FIMD

Gene -

M=z7 Bcocerr ree | B oiseLay

WHERE: REMOWVE
Find genas which have sirmilar
expressions to any gene in the saved
lizt narmed Cholesteral Biosyntheasziz
Genes

AMD: FEMOME
Find genes which have sirilar
expressions with simlarity scores that
are greater than 0.7

Exercise 2 ~ Part 4 ~ Search for Genes ~ Example 5

This example shows you one way to identify genes that are strongly repressed
by any of the compounds in a specific list.

Step 1 Create a list of compounds that reduce leukocyte count (as in Exercise 2
~ Part 2 ~ Example 1).

Step 2 Save the list (for example Reduce Leukocyte Count by 3-fold).

Step 3 Open the TOOLBOX and Drag the Reduce Leukocyte Count by 3-fold list
onto the EXPRESSION EXPERIMENTS > COMPOUNDS tool.
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Step 4 In dialog box that appears, name the list to be translated in the ENTER NEW
LIST NAME field, for example LC<-0.5 compound.

Step 5 Click the TRANSLATE button at the bottom of the panel.

Step 6 Conduct the search indicated by the results in the panel below.

This will be a relatively slow query.

Search results ~ Exercise 2 ~ Part 4 ~ Example 5

_ | rovANCED

= s = =
ik MORRSFHCE
ADVAWCED SEARCH ADD CRITERIA *

M= a1 BHcocierr aee | B oisFLaAY

WHERE: FEMOME
Find genes which have transcriptional
responses that result from treatrments
with cormpounds in the saved list
narmed LC<-0.5 compounds

ARD: FEMOME
Find genes which have transcriptional
responses with loglratio) expression
changes that are less than -2.0

Exercise 2 ~ Part 4 ~ Search for Genes ~ Example 6

Below is an alternative approach to identifying genes that are strongly repressed
by compounds that reduce leukocyte counts. In this example, we are looking for
strongly repressed genes in experiments that are already defined as reducing
white cell counts.

Step 1 Create a list of expression experiments that reduce leukocyte count (as in
Exercise 2 ~ Part 2 ~ Example 1).

Step 2 Save the list (for example Reduce Leukocyte Count by 3-fold).

Step 3 Conduct the search indicated by the results in the panel below.

This should be a much faster search than the previous example.

Search results ~ Exercise 2 ~ Part 4 ~ Example 6
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" | rovANCED

ADYAMCED SEARCH ADD CRITERIA >

M= =1 B cierr Ace | B oisPLAY

WHERE: FEMOME
Find genes which have transcriptional
responses as measured in any of the
experiments in the saved list named
Reduce Leukocyte Count by 3-fald

AMD: FEMOME
Find genes which have transcriptional
responses with loglratio) expression
changes that are less than -2.0

Exercise 2 ~ Part 5 ~ Search for Assays ~ Example 1

This example illustrates how you can identify relevant assays that are strongly
affected by compounds in a list. In this case, we will search for biochemical
assays which are strongly inhibited by compounds that decrease leukocyte count.
Step 1 Conduct the search indicated by the results in the panel below.

Search results ~ Exercise 2 ~ Part 5 ~ Example 1

ADVAHCED

ADVANCED SEARCGH ADD CRITERIA »

FIND
Aszay -
M=s Beocrerr aee | B oizeLay
WHERE: FREMOWE

Find assays which have measurad
activities of compounds in the saved
list narmed LC<-0.5 compounds

AMD: FEMOWE
Find assays which have rmeasurad
activities with % inhibition values
greater than 20

Conclusions to Exercise 2

In this exercise, you have learned to use the advanced query tool in DrugMatrix
and see examples of several different types of queries you can generate. As you
become familiar with the DrugMatrix suite of tools, you will be able to generate
sophisticated queries specific to your particular research.
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Exercise 3: Upload Customer Expression Data and Interpret
Affymetrix Gene Expression Data Using Gene Ontology Tool

DrugMatrix can be used to interpret the effects of candidate compounds on gene
expression. As long as the experiments are structured appropriately, this analysis
can be done whether you use Codelink, Affymetrix or Agilent arrays.

To prepare for this exercise, you will need to download the file AffyData.zip from
the “Help” page in DrugMatrix (link to “Help” page is in the upper right of page
after login), and extract the contents to a folder on your computer. These files
contain Plier normalized, expotentiated data. Each file represents an individual
sample. In these files, column 1 entitled “Probe Set Name “contains the probe
names and column 2 entitled “Signal” contains the Plier normalized expotentiated
intensity values.

DrugMatrix can help you interpret gene expression data using tools that combine
expression information with curated functional information. For example, the
Gene Ontology Consortium has curated information for a large fraction of the
genes that are used on the expression arrays. This information can be very
useful when trying to understand the pattern of expression changes observed in
an experiment.

Gene Ontology annotations describe a gene product in terms of three hierarchies:
Molecular Function (MF, the biochemical activity of the protein, e.g. Kinase)
Cellular Component (CC, the place in a cell where the protein is active, e.g.
Extracellular)

Biological Process (BP, biochemical ‘objective’ to which the protein contributes,
e.g.: Induction of apoptosis)

In this exercise, you will learn to:

» Upload Affymetrix gene expression data using the load data tool
 Use the Gene Ontology tool to

* Explore a gene expression profile

» Determine which genes participate in a particular biological process
* Create lists of genes that meet certain criteria

Exercise 3 ~ Part 1 ~ Upload Data Derived from Affymetrix RG230-2 chips

In this exercise, you will upload microarray data and explore information
presented in the EXPRESSION Domain Report.

Step 1 Click TOOLBOX button in WORKSPACE.
Step 2 Click OPEN EXPRESSION EXPERIMENT UPLOADER.
Step 3 In the LOAD DATA dialog, choose Affymetrix Rat Genome 230 2.0 from
the CHIP TYPE select menu.
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Step 4 Click on the BROWSE button and navigate to the file Treated 1.txt.
Step 5 Click OPEN on the Windows “CHOOSE FILE” dialog window. The
experiment file name should appear in the SELECT DATA field.

Step 6 Choose EXPERIMENT from the DATA TYPE select menu.

Step 7 Choose Liver from the TISSUE select menu.

At this point the LOAD DATA dialog should look like this.

xercise 3~ Part 1 ~ Steps 2thru 7

DATA IMFORT/EXFORT

" g
IMFORT LIST Ml LoAD oRTR
5

IMPORT ACCESSION LIST ! Step 4
i\ | sELECT DATA
.
----------------------------------- V| | Treated 1.tk e
OFEM EXFPRESSION EXFERIMEMT ' | H““l‘
H UFLOADER : Step 5
DATA TYFE
Experiment ‘(—
| Step 6
TISSUE/CELL
Liver (‘
| Step 7

H =seLecT

SELECTED FILES

B cAnceL H

Step 8 Click the SELECT button.
The name of the uploaded file should appear in the SELECTED FILES field.

Exercise 3 ~ Part 1 ~ Step 8
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LoAD DATA

CHIF TYPE
Affymetrix Rat Genome 220 2.0

SELECT DATAH

| | H srowsE...

DATA TYFE

|I'-_'>cperin'|ent -

TIZZUE/CELL

Liver

Step 8 ﬁ H zeLecT

ZELECTED FILES

Treated 1.t«<t / Experiment

B crnceL H.oro

Step 9 Click the BROWSE button and upload the other experiment sample,
Treated 2.txt, as in the previous steps.

Step 10 Click the BROWSE button and select file Control 1.txt, choose CONTROL
from the DATA TYPE select menu and then follow the same steps to upload the
control experiment Control 2.txt.

Step 11 Once all files are uploaded, click on the LOAD button.

Exercise 3 ~ Part 1 ~ Steps 9 thru 11 )
LOAD DATA H

CHIF TYFE
Affymetriz Rat Genome 220 2.0

SELECT DATAH

| | Herowse...

Step 10 DATA TYFE

| Control -

TISSUE/CELL

Liwer

H =scLecT

SELECTED FILES

Treated i.bxt / Experiment
StEp 9 reated Z.bxt / Experiment
Control 1.txt / Control

B canceL HLoAo % Step 11
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Step 12 A SAVE LIST pop-up dialog window will appear. Save the experiments as
Test
Step 13 Click on the SAVE button.

Exercise 3 ~ Part 1 ~ Steps 12 and 13

SELECT WHERE TO ZAWYE THE MEW LIST

ﬂ Workspace

| @I‘I

HAME

Step 122 et

DEZCRIFTION

B cancer | B sAve Step 13

The information from the uploaded files will populate an EXPRESSION Domain
Report panel. This information is further explored in Part 2 of this exercise.

Exercise 3 ~ Part 2 ~ Explore Affymetrix Array Results

Once you have uploaded the Affymetrix array files, DrugMatrix will automatically
calculate the ratio, and the results will populate an EXPRESSION Domain Report.
The first panel displayed in this report is the SIMILAR panel.
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This panel presents a list of expression experiments similar to the uploaded
Affymetrix experiments. The experiments are ordered by their similarity to the
uploaded experiments in expression profile measured by the Pearson’s
correlation coefficient as indicated in the CORR. COEFF. column. The COMPOUND
column shows the compound used in each of these experiments. As expected,
the experiments most similar to the uploaded Affymetrix experiments are
bacitracin treatments.

Next you will use the Gene Ontology tool in DrugMatrix to investigate gene
expression changes induced by the uploaded Affymetrix data.

Step 1 Click on the INDUCED sub tab within the EXPRESSION Domain Report to get
a rank ordered, list of genes that are induced by your compound. These are all
genes on the Affymetrix gene chip platform.

Exercise 3 ~Part 2~ Step 1
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49473

B TrRANSCR. RESF,

Step 1

1 HEMU

GEME ]

Step 2 Click on the sub-panel MENU button and select SAVE LIST.
Step 3 In the SAVE LIST dialog window, enter Genes Induced by Uploaded Exps

in the NAME field.

Step 4 Click on the SAVE button to save the list.

Exercise 3 ~ Part 2 ~ Steps 2 thru 4
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H TrRANsCR. RESF.

SAYVE LIST
CHECH ALL
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E1 61 &

HAME

Genes Induced by Uploaded ExpS (€ m— Step 3

DESCRIFTION

B =~v: €= Step 4

Step 5 Click on the REPRESSED sub tab within the EXPRESSION Domain Report to
get a rank ordered, list of genes that are repressed by your compound.

Step 6 Click on the sub-panel MENU button and select SAVE LIST.

Step 7 In the SAVE LIST dialog window, enter Genes Repressed by Uploaded
Exps in the NAME field.

Step 8 Click on the SAVE button to save the list.

Exercise 3 ~ Part 2 ~ Steps 5thru 8
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Step 5 4952479

Step 6

ZAWYVE LIST

CHEGH ALL

URMCGHECHK ALL

EXFORT . SELECT WHERE TO SAYE THE MEW LIST
ﬂwm

ﬁ‘Test

. Genes Induced by Upleaded Exps

F 61

serine (or cysteine] peptid: | NAME

EST= (1290722 at) Genes Rpressed by Uploaded Exps < Step 7

carbonic anhydrase 2 (1381 | DESCRIFTION

B cAncer | B =Ave q— Step 8

ESTs (13937932 at] [ T 35.24-3 |

Since all of the bioinformatics work to map these lists of genes to other chips and
to public annotations has been done, you can begin to explore the meaning of
this list of genes in a statistical analysis tool called the GO DATA QUERY tool.
Step 9 Select the WORKSPACE tab, you can mouse over the names of the lists
you just saved and see a hover indicating the number of genes saved in the list.
Step 10 Click on the TOOLBOX button underneath the WORKSPACE tab.

Step 11 Drag the Genes Repressed by the Uploaded Exps list onto the GO
DATA QUERY tool in the DATA VISUALIZATION section of the TOOLBOX.

This will open a GO DATA QUERY dialog window.

Step 12 Leave the default values in the MAX P VALUE field and select Affymetrix
Rat Genome 230 2.0 in the GENE UNIVERSE field.

Step 13 Click on the DISPLAY button.

Exercise 3 ~ Part 2 ~ Steps 11 thru 13
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G0 DATA GUERY

SEME LIST:

. Genes Induced by Uploaded Exps 4? Step 11

N =331

MAX F WALUE 0.1

GEME UMIVERSE |A‘FFymetrix Rat Genome 23... vé—- Step 12

HE canceEL H oisFLaY ‘—'Step 13

This will display the GO DATA VISUALIZATION with three tabs for three Gene
Ontology hierarchies, and a list of genes on the right. The brackets next to each
GO term indicate the number of times the term is found to be associated with a
gene in the provided gene list and the P-value (the probability that these gene
counts would occur in a random sample of genes). The most statistically
significant term within each node is bolded.

MOLECULAR panel showing the hierarchy for the Molecular Function

GENE ONTOLOGY

GO DATA YISUALIZATION

s EC— |

at domain 23 |T

22111 CATALYTIC ACTIVITY

¥ molecular_function [221, 1.0]

¥ catalytic activity [128, 2.282E-8]

P oxidore!
L catalytic activity e ————
P binding [15 Catalysis of a biochermical reaction at physiclogical
termperatures, In biologically catalyzed reactions, the | | eeeeieeeeeeeeei e
reactants are known as substrates, and the catalysts are
naturally occurring macrornolecular substances known as
enzymes, Enzymes possess specific binding sites for
substrates, and are usually cormposed wholly or largely of
protein, but RMA that has catalytic activity (ribozymel is
often also regarded as enzymatic,

P-¥alue; 2, 722E-2
Number: 135

™

MYC-associated zinc finger pro...

CELLULAR panel showing the hierarchy for the Cellular Component
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GEME OMTOLOGY =

G2 DATA YISUALIZATION

31 MENU

31 MENU

* cellular_component [210, 1.0]
7 cell [198, 0.642] P

“

7 cell fraction [327, 1.0]
= membrane fraction [21, 1.0]
= wasicular fraction [18, 7.888E-4]
= mic ra. 7.2n2?F-41

microsome

Any of the small, heterogeneous, artifactual, vesicular

F protein complex [3 particles, 50-150 nm in diameter, that are formed when
sorme sukaryotic cells are hormogenized and that sediment
on centrifugation 2t 100000 g.

P intracellular [125

P-¥alue: 7. 302E-4
Number: 13

BIOLOGICAL panel showing hierarchy for Biological Process

]

SO DATA YISUALIZATION

7 biological_process [229, 1.0]
P physiological process [210, 0.998]

P cellular process [212, 1.0]
7 response to stimulus [74, 0.556]
7 response to abiotic stimulus [29, 0.828]

¥ response to chemical stimulus [23, 1.0]

* response to xenobiotic stimulus [8, 0.047]
=]

resp to biotic stimul

A ochange in state or activiky of 2 cell or an organizr (in
terrns of movernent, secretion, enzyrne production, gene
expression, etc ) as a result of a xenobiotic compound
stimulus, ¥enobiotic cormpounds are compounds foreign to
living organisms.

P-VYalue: 0,047
Number: 2

Step 14 Mouse over the Gene Ontology term of interest in the list and a hover will
display description of the Gene Ontology annotation.

Step 15 Click on a term of interest and the corresponding genes associated with
that term will be highlighted in the right hand gene panel.

Step 16 If you want to save this list of genes, click on the sub-panel MENU button
and select SAVE LIST.

Step 17 In the SAVE LIST dialog window, enter a gene list name in the NAME field.
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Step 18 Click on the SAVE button.

Exercise 3 ~ Part 2 ~ Step 15 thru 18

G0 DATA YISUALIZATION

>>>>>>

< biological_proc=ss [229, 1.0]

b physiological process [210, 0.998]
P cellular process [212, 1.0]
¥ response to stimulus [74, 0.556]
7 response to abiotic stimulus [29, 0.828]

~ response to chemical stimulus [23, 1.0]

e to iotic sti [8, 0.047]
@ ywenobiotic metabolism [2, 0.048]
Step 15

uuuuuuuuuuu

cccccc

Step 18™ Step 17

Conclusions to Exercise 3

In this exercise you learned how to upload microarray data from the Affymetrix
platform into the DrugMatrix database, and analyze the data you uploaded using
the GO QUERY tool to understand expression profiles and functions of various
genes with Gene Ontology annotations. You also learned how to create lists of
genes associated with a particular Gene Ontology annotation.
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Exercise 4 Visualizing Expression Data in the Context of
Pathways

Understanding the pattern of gene expression in the context of biological
pathways can be a useful aid in interpreting results. DrugMatrix has 137 hand
curated pathways involved in key biological and toxicological processes. The
following exercise will demonstrate how to look at treatment, compounds or
tissue-related gene transcription changes in a pathway.

In this exercise you will visualize the gene transcription changes in a pathway to
allow comparisons between different compounds and tissues.

Exercise 4 ~ Part 1 ~ Examining Gene Expression Via Pathways

To prepare for this exercise, you will need to obtain sample files from the Iconix
demo website.

Step 1 Go to “Help” page in DrugMatrix (link to “Help” page is in the upper right
of page after login)

Step 2 Right click on threeexp.xml and select Save Target As... from the menu
and save these files with the same name to a folder on your computer. This file
contains the following three experiments:

NORETHINDRON-3d-375mg/kg-LI-RATM-RU1 (norethindrone liver gene expression)
BEZAFIBRATE-3d-100mg/kg-LI-RATM-RUL1 (bezafibrate liver gene expression)
BEZAFIBRATE-3d-100mg/kg-KI-RATM-RU1 (bezafibrate kidney gene expression)

Step 3 Select the WORKSPACE tab and open TOOLBOX.

Step 4 Click on the IMPORT LIST tool to open the IMPORT LIST dialog.

Step 5 Click the BROWSE button on the IMPORT LIST dialog window

Step 6 Locate the file threeexp.xml and click the OPEN button on the CHOOSE
FILE window. The file name will appear in the IMPORT LIST field of the IMPORT LIST
dialog window.

Step 7 Click on the IMPORT button to import the file into Workspace.
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Exercise 4 ~ Part 1 ~ Steps 4 thru 7

4 CLOSE

FILE MAMAGEMENT

INTERSECT

SUBTRACT

ODATA TRANSLATION

AESSAYE » GEMES

GEMES » ASEAYE

COMFPOUNDS * EXFRESSION B FRESSIOMN EXFERIMEMNTS

EXFPERIMEMNTS
................ IMFORT LIST

IMFORT LIST

|threeexp.xml Bl EROWSE... M f— Step5,6

ZELECT WHERE TO SAVE THE HEW LIST

ﬂ YWorkspace

. hepatosic expression
IMFORT LIST

______________ . hepatoxin_liver

IMFORT EXFERIME |
.............. &1 [

IMFORT ACCESSIC
B canceL B mrorT 4—Step7

Stepd

IMFORT FATTERH

Next we will identify a pathway that we want to visualize these data on, and put it
into “FAVORITES” so that we can easily retrieve it.

Step 8 Click on the SEARCH tab

Step 9 Select PATHWAYS from the pull-down menu, type FATTY ACID in the FIND
TEXT field and click on the DISPLAY button.

Step 10 Click on Beta-oxidation of Fatty Acid pathway to population the
PATHWAY domain report with all the information available in DrugMatrix about the
fatty acid beta-oxidation pathway.

This pathway is a catabolic pathway that oxidizes long chain fatty acids into
acetyl Coenzyme A, a common substrate in many other pathways. It is the
primary way your body retrieves energy from stored fats.

Step 11 Click on FAVORITES button and select ADD TO FAVORITES.
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Exercise 4 ~ Part 1 ~ Steps 8 thru 11

Steps

EETAR-0XIDATION OF FATTY ACID

HratHwAY H cescripTioN

-

B oizrLay

pESEs————
ECITH 5T oisFLAY

[¥] srEse, Requlstion of Fatty Adds & Ch
Requlation of Fatty Acid Biosynthesis

Step10

Now we will overlay the Three Experiments that we uploaded onto the B-
oxidation of Fatty Acid pathway that we saved as a Favorite.

Step 12 Open the TOOLBOX and select the PATHWAY VISUALIZATION tool from the
DATA VISUALIZATION section at the bottom of the panel.

Step 13 Drag the Three experiments list into the EXPRESSION EXPERIMENT LIST
entry box and the B-oxidation of Fatty Acid pathway into the PATHWAY
FAVORITE entry box.

Step 14 Leave all the options as default, click on DISPLAY button at the bottom of
the dialog box.
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Exercise 4 ~ Part 1 ~ Steps 12 thru 14

FILE MAMAGEMEMT < CLOSE
‘ IO : % INTERSECT

__ —I —I
E:Il SUETRACT

DATA

- AN AL N FATHWAY YISUALIZATION
= |
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[’l COMFOUNDE > EX
EXFERIMEMTS .
_____________________ . Three Experirments \1 AR
| GENES 3 PATHW T \
--------------------- ---> Stepi13
I FATHWAYS > Mo [ EEERRGEE R AR R D R A SR B R
. FATHWAY FAVORITE

EX¥PRESSIOMN EXF
i GEMES
L 2024 . B-Cxidation of Fathy Acid

DEFIME FILTER

F YALUE FILTER i.0

F VALUE 0,05
SIGHIFIGANCE

DEFIME FRESEMTATION

DISFLAY TYFE |LOG RATIO -

SOLOR RANGE | GREEM-WHITE-RED - i

‘ﬂ EXPRESSIOM EXF
e MAX LOG RATIO 0.5

UALUE

El CANCEL EDISPLHY: Step14

Step12

The DrugMatrix application will retrieve the gene expression data corresponding
to the genes known to be involved in the fatty acid beta-oxidation pathway.

The colored dots next to each gene are the expression values for each probe or
probe-set that can be associated with the described gene. Red indicates up-
regulation and green indicates down-regulation. Significantly changed genes
(p<0.05) are represented by a diamond.

Within this visualization, you can:

Step 15 Mouse over experiments in the EXPERIMENTS panel to display a hover
containing descriptive information about each experiment. The tissue used
appears as part of the experiment name (e.g. LI-RATM-RUL Or KI-RATM-RU1).

Step 16 When you click on a different experiment name it will display the custom
pathway for that experiment in the CUSTOM PATHWAY panel.

Step 17 Click on the GENERIC PATHWAY tab to view the generic (no expression
data overlayed) beta-oxidation pathway.

Step 18 Click on the GENES tab to view the list of genes in this curated beta-
oxidation pathway.
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Note that Bezafibrate is a drug that causes peroxisome proliferation by
increasing the number of cell organelles that oxidize fat. Most of the genes in the
beta-oxidation pathway are significantly induced in the liver by the administration

of 100mg/kg of bezafibrate. This pathway appears to be composed of co-
regulated genes.

Exercise 4 ~ Part 1 ~ Steps 15 thru 18

Step15 Step16 Step17  Step18
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BEZAFIBRATE-3d-1 00mg/kg-LI-RATM-RUI & - significant at p = 0.05 O - non signifkant at p = 0.05 & - data not available

Step 19 Select the third experiment on the EXPERIMENT panel, which is also the
100mg/kg treatment with bezafibrate, but in this case we are visualizing kidney
gene expression data.

Note that in this experiment, far fewer genes seem to be affected. This is likely
because peroxisomes are induced in the liver, not the kidney.

Conclusions to Exercise 4

In this exercise, you learned to use the pathway visualization tool to study the

regulation of genes in the beta-oxidation pathway in different treatments and
tissues.
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Exercise 5: Finding Similarities and Differences Among
Compounds Using Pathway Analysis

This exercise demonstrates the use of several DrugMatrix tools for expression
data comparison in the context of biological pathways as well as carrying out a
multi-step drill-down to relevant data.

In this exercise, you will learn to:

» Use the simple and advanced search features to construct compound lists and
convert a compound list into an experiment list.

» Use the PATHWAY IMPACT tool to identify most impacted pathways.

* Use the PATHWAY > GENE translation tool to convert a pathway to a gene list.

» Use the EXPRESSION EXPERIMENT MATRIX tool to explore similarities and
differences between compounds at the gene expression level.

Exercise 5 ~ Part 1 ~ Creating an Expression Experiment List

The goal in this section is to find statins (cholesterol lowering compounds) in
DrugMatrix, identify experiments in DrugMatrix where animals were treated with
these compounds and generate a list of these experiments in order to carry out
comparisons.

Step 1 Select the SEARCH tab.

Step 2 Type STATIN in the FIND TEXT field.

Step 3 Select coMPOUND from the drop down menu.

Step 4 Click on the DISPLAY button.

Step 5 Select SAVE from the MENU on the LIST DISPLAY panel.

Step 6 In the SAVE LIST dialog window, save the list as Simple statins.
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Exercise 5 ~ Part 1 ~ Steps 2 thru 6

WORKSFAGE

FIMD TEXT
Step2 'hlstatin
WITHIN DOMAIN
Step3 P|Compound - |
Step4 B cisFLAY
RO
LIST DISFLAY
| SAVE LIST
Step5 /] CHECH ALL

—| UMCHECK ALL

EXFORT

*I FAVYORITES i1 BAGH ¥l FORWARD

SELECT WHERE TO SAYE THE MEW LIST
ﬂWorhspace

[Eg NsATDSs

. Vious Selective Ganes

. Celeconib Selective Genes

£ 5 =l

MAME

|Simp|e Statins

DESCRIFTION

éFound using simple search

E canceL

H =~E

?Steps

This same search can be carried out using the ADVANCED search tool.

Step 7 Click on the ADVANCED SEARCH tab and click the CLEAR ALL button to

remove all previous criteria

Step 8 Choose COMPOUND from the FIND select menu.

Step 9 Click ADD CRITERIA.

Step 10 Make the selections indicated on the ADD CRITERIA panel below.

Step 11 Click the RUN QUERY button.
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Exercise 5 ~ Part 1 ~ Steps 10 and 11

ADD CRITERIA

Find compounds which have names that contain ...

— which have narnes = dmete exactly match
with SMILES strings found begin with
with synonyms end with
with databaze identifiars cantain =

with physical properties
which are structurally similar

which cauze transcriptional responzes

which have been tested in expression
expatirnants

which have measured bio-activities
which have literature-reported bio-
activities

which have protein targets

which are related to motifs

which are related to signatures

with details

éstatin =
which have literature annotations with .

curated category of
H run suery

which have pharmacology annotations

The results of this search will appear under the ADVANCED tab.

Step 12 Click the DISPLAY button to display the list

Step 13 Save the resulting list as in steps 5 and 6 but give this list the name
Advanced statins

Step 14 Select the WORKSPACE tab and mouse over the two lists Simple Statins
and Advanced Statins. Note that the two lists contain different numbers of
compounds.

Exercise 5 ~ Part 1 ~ Step 14
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. LC=-0.5 compounds

. all Pathways
. Simple Statins

. Advanced Stati

Number of items imple Statins

in the list

N=10

Description:

Found using simple search
*I MEMU

Step 15 Click the TOOLBOX button on the WORKSPACE panel and open the
SUBTRACT tool from the LIST EDIT section at the top of the toolbox.

Step 16 Drag the Simple Statins list to the SUBTRACT FROM LIST field of the
SUBTRACT dialog window.

Step 17 Drag the Advanced Statins list to the LIST/FAVORITES field.

Note: You can put only one list into the SUBTRACT FROM LIST field. All lists you
drag into the LIST/FAVORITES field will be subtracted from that list.

Step 18 Name the list Simple minus advanced statins

Step 19 Click the SUBTRACT button.

Exercise 5 ~ Part 1 ~ Steps 15 thru 19
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The list Simple minus advanced statins will be placed in your WORKSPACE and
displayed in the LIST DISPLAY area. This list contains the items that were in the
Simple Statins list but not in the Advance Statins list.

To understand why these compounds were extracted from the data base using
the simple search technique...

Step 20 Click on ECONAZOLE.

This will populate a COMPOUND domain report with information about the
compound ECONAZOLE.

Step 21 Click on the SYNONYMS button

Exercise 5 ~ Part 1 ~ Step 21
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The Simple Search found all instances of the string statin, but the Advanced
Search found only compounds that contained statin in the compound name,
since that is what you specified.

The Advanced Statins list is the one we’ll use, so delete the Simple Statins list
to avoid confusion.

Step 22 Drag and drop the Simple Statins list onto the DELETE ITEM icon (trash
can).

Exercise 5 ~ Part 1 ~ Step 22

Experiments reduce leukocyte be ELERMOBIT

Blcos

.Three Experiments
Step22 # . Simple Statins
. Advanced statins

LIST DISFLAY Delete Item | Statin:

Now add several sets of criteria to query for a specific set of expression
experiments.
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Click ADVANCED tab, and select EXPRESSION.

Step 23 Click the ADD CRITERIA button to find expression experiments...
-which have (details) for

-compounds

-in the saved list named

-[Advanced statins]

Step 24 Click RUN QUERY.

Step 25 Click on the DISPLAY list button to see the list of results.

This list returns all experiments that were run on any of the statins in our list.
Take note of the number of experiments returned (shown on the

left of ADVANCED SEARCH panel). We want to refine our query so we will add
more criteria to the search. First, let’s limit the list to experiments run on liver only.
Step 26 Click ADD CRITERIA and select

-which have (details) for

-experiments run on tissues

-that exactly match

-[liver]

Step 27 Click the RUN QUERY button.

This should narrow the list of experiments to approximately one third of the
number. Next, let’'s remove time-points of less than 1 day.

Step 28 Click ADD CRITERIA and select

-which have (details) for

-experiments run with a timepoint (in days) of

-greater than

-[0.9]

Step 29 Click the RUN QUERY button.

This should further narrow the list of experiments to a manageable size.
Step 30 Click DISPLAY to display the list in the LIST DISPLAY area.

Next, let's remove all of the low dose (below 15 mg/kg) experiments.

Step 31 Go through the list and UNCHECK all of the low dose experiments (i.e.
below 15mg).

Step 32 Now save the list as high dose statins in liver.

Exercise 5 ~ Part 1 ~ Steps 23 thru 32
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Exercise 5 ~ Part 2 ~ Pathway Impact Analysis

In this exercise, we will visualize the impact of the saved experiments on all 137
of the curated pathways using the Pathway Impact Matrix Tool. The pathway
impact analysis tool is an approach to rapidly quantify the impact of an
experiment on the 137 pathways in DrugMatrix. Statistical enrichment of
significantly impacted genes in a pathway is determined using a hypergeometric
distance metric, which is based on the fraction of the pathway genes that are
significantly induced (p<0.05) by the experiment relative to the total number of all
genes significantly induced by the experiment. The impact score is expressed as
a —log (p-value), which reflects the likelihood of randomly perturbing that pathway.

First, we will conduct a Simple Search to create a list of all pathways.

Step 1 Click on the SEARCH tab.

Step 2 Type % in the FIND TEXT field.

Note: The % sign is a universal wildcard symbol within DrugMatrix, so this search
will find all pathways within the PATHWAY domain.

Step 3 Select PATHWAY from the WITHIN DOMAIN select menu.

Step 4 Click the DISPLAY button to display the list.

Step 5 Select SAVE LIST from the MENU button on the LIST DISPLAY panel.
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Step 6 Save the resulting list as all pathways.

Exercise 5 ~ Part 2 ~ Steps 1thru 6
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Step 7 Select the wORK spPACE tab and then open the toolbox and select the

PATHWAY IMPACT MATRIX tool.

Step 8 Drag the all pathways list into the PATHWAY LIST box.
Step 9 Drag the high dose statins in liver list into the EXPERIMENT LIST box.
Step 10 Select options as indicated below.
Step 11 Click the DISPLAY button at the bottom of the dialog window.
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Exercise 5 ~ Part 2 ~ Steps 8 thru 11
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Exercise 5 ~ Part 2 ~ DATA VIEW for results from Steps 8 thru 11
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This visualization clearly shows that the HMG CoA reductase inhibitor drugs
cluster very tightly together, whereas the anti fungal drug nystatin clusters
separately. The HMG-CoA reductase inhibitors strongly impact the Cholesterol
Biosynthesis pathway, but nystatin does not.

Step 12 Click on the PATHWAY tab in the PATHWAY IMPACT MATRIX window. This
shows a list of pathways being significantly impacted by the selected list of
experiments.

Step 13 Click on the Cholesterol Biosynthesis pathway, which will open the
pathway domain

Step 14 Under the GENES tab, select SAVE LIST from the drop-down MENU button
to save the list of Cholesterol Biosynthesis Genes.

Exercise 5 ~ Part 2 ~ Step 14
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Exercise 5 ~ Part 3 ~ Expression Experiment Matrix tool

In this exercise, we will visualize the impact of treatment with statins on our list of
pathway genes using the Expression Experiment Matrix tool.

Step 1 Drag the Cholesterol Biosynthesis Genes gene list to the EXPRESSION
EXPERIMENT MATRIX tool.

Step 2 Drag the high dose statins in liver experiment list to the EXPERIMENT
LIST field of the EXPRESSION EXPERIMENT MATRIX tool.

Step 3 Click on the DISPLAY button at the bottom of the EXPRESSION EXPERIMENT
MATRIX dialog window.
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Exercise 5 ~ Part 3 ~ Steps 1thru 3

EXFRES=SI0ON EXFERIMENT MATFRIxX

GEME LIST
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N =186

EXFRESSI0ON EXFERIMENT LIST

Step2 ———-

. high dose statins in liver |

W = alil

B canceL H cisFLay \ Step3

Expression Experiment Matrix output for Cholesterol Biosynthesis Genes gene
list and high dose statins in liver experiment list
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_E acetyl-coenzyme A acetyltransf...
acetyl-coenzyme A acetyltransf...
— acetyl CoA transferase-like (DB...
mewvalonate kinase {(1387119_at
mevalonate kinase (1368232_at)
lanosterol synthase (1372973_a...
lanosterol synthase (1368086_a...
mewvalonate (diphospho) decarb...
isopentenyl-diphosphate deltai...
isopentenyl-diphosphate deltai...
acetyl CoA transferase-like (DB...
3-hydroxy-3-methylglutaryl-C...
3-hydroxy-3-methylglutaryl-C...
squalene epoxidase (1387017 _a...
farnesyl diphosphate farnesyl tr...
farnesyl diphosphate farnesyl tr...
Ac2-125 iDBSS) (1367667 _at,M3...
3-hydroxy-3-methylglutaryl-C...
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As expected, all the HMG-CoA reductase inhibitors induce genes involved in the
cholesterol biosynthesis pathway, but nystatin does not.

Conclusions to Exercise 5

In this exercise you used the simple and advanced search features to construct
compound lists, and used the DATA TRANSLATION feature to convert that
compound list into an experiment list.

You used the PATHWAY IMPACT MATRIX tool to determine pathways of potential
interest and the EXPRESSION EXPERIMENT MATRIX tool to explore similarities and
differences at the individual gene expression level between a group of compound
treatments.
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Exercise 6: Evaluation of a Literature-derived Multi-gene
Biomarker for Non-genotoxic Carcinogenicity Using the Pattern
Tool

The DrugMatrix database contains a vast amount of compound annotation
information and gene expression data and has proven to be very useful for
evaluation of putative biomarkers. The following exercise will illustrate how to
construct a literature-derived multi-gene biomarker for non-genotoxic
carcinogens using the pattern export and import tool and then evaluate the
performance of this literature-based biomarker using the pattern search tool.

Exercise 6 ~ Part 1 ~ Construct a Literature-derived Gene List for Non-
genotoxic Carcinogens

Numerous papers have been published in recent years that have identified
biomarkers for non-genotoxic carcinogens, with the hope of eventually replacing
the industry and FDA standard (but very expensive) two year rodent bioassay. In
this exercise we will use six different genes (biomarkers) from published studies
to populate a gene list along with the reported direction of change in response to
non-genotoxic carcinogens. The six genes with reported direction of change are:
A2m - a-2 macroglobulin (DOWN)

Cdc2A — cell division cycle 2 homolog A (UP)

Gsr — glutathione reductase (UP)

Myc — myelocytomatosis viral oncogene homolog (UP)

Tgfbli4 — transforming growth factor beta 1 induced transcript 4 (DOWN)

Tp53 — tumor protein p53 (DOWN)

To find each gene in DrugMatrix we will do an advanced query:

Step 1 Click ADVANCED tab, and select GENE in the pull-down menu.
Step 2 Click the ADD CRITERIA button and select criteria indicated below.
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Exercise 6 ~ Part 1 ~ Step 2

ADD CRITERIA < CLOSE

Find genes with details which have a gene symbol that exacty matches ...
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which have literature-reported bio-
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— with details =1
which have gene ontology annotations
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for which activities are measured in

aon the chip
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B run auery

Step 3 Click RUN QUERY.

Step 4 Click on the DISPLAY LIST button to see the list of results.

This list returns the a-2 macroglobulin gene.

Step 5 Select SAVE LIST from the MENU button on the LIST DISPLAY panel.
Step 6 Name the list in the SAVE LIST dialog window as A2m.

Step 7 Click the SAVE button at the bottom of the SAVE LIST dialog window.

Exercise 6 ~ Part 1 ~ Steps 5thru 7
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ﬂ Workspace
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Stepb
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To search for and save the other genes on the list:

Step 8 Repeat Steps 1 to 7 for

-Cdc2A

-Gsr

-Myc

-Tgfbli4

-Tp53

To combine all six genes into a gene list:

Step 9 Click the TOOL BOX in the WORKSPACE.

Step 10 Click to open the UNION dialog window under FILE MANAGEMENT.
Step 11 Drag all six genes to the DROP FAVORITES/LISTS field.

Step 12 Name the list as Nongenotoxic Carcinogen Marker Genes.
Step 13 Click on the UNION button at the bottom of the UNION dialog window.

Exercise 6 ~ Part 1 ~ Steps 10 thru 13
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Exercise 6 ~ Part 2 ~ Create a Gene Expression Pattern for Non-genotoxic
Carcinogens

Once you have the gene list, you can manually create a gene expression pattern
using the Pattern Import and Export tool.

First we need to export the Gene List to Excel in order to add the up or down
regulation information.

Step 1 Click to open the EXPORT PATTERN dialog window under DATA
IMPORT/EXPORT.

Step 2 Drag the Nongenotoxic Carcinogen Marker Genes list to the GENE LIST
OR PATTERN field.
Step 3 Click on EXPORT button.

Exercise 6 ~ Part 2 ~ Steps 1 thru 3
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Step 4 Save the file on your computer.

Step 5 Open the file in Excel. Following the instruction in the Excel file, enter
under the VALUE column “0.5” for UP genes and “-0.5” for DOWN genes. The
numbers entered here should be the best estimate of log ratios reflecting the
magnitude and direction of gene changes derived from the literature. Note that
genes may have more than one probe associated with them, and therefore more
than one row.

Step 6 Save the file as a tab-delimited txt file with the name Nongenotoxic
Carcinogen Signature.
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Exercise 6 ~ Part 2 ~ Steps 5 and 6

Stepb

£l Microsoft Excel - Nongenotoxic Carcinogen Signature.xls
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1 |PATTERNILIST
2 |This table lays out the expected pattern for the gene list named MNongenotoxic Carcinogen Biomarker Genes’
3 |that was exported. Fill in the blank column labeled “ALUE" in order to specify the desired pattern
_4 |and then upload this file back into Drughatrix using the IMPORT PATTERM tool. Records with the “ALUE'
5 |column left blank will not be imparted as part of the pattern.
_& |BEGIN PATTERN
7 |GENE EXPRESS GEME_MNAME WALLE
8 | 136418 4808 alpha-2-macroglobulin (1367794 _at JO2E35_PROBET) -0.5
9] 136416 19521 alpha-2-macroglobulin (M22670cds_at) 0.5 = Stepb
10 136416 20635 alpha-2-macroglobulin (M22670cds_g_at) -0.5
1] 136416 11549 alpha-2-macroglobulin (re_AAI00582at) -0.5
12 136416 5920 alpha-2-macroglobulin (rc_AI113046_at) -0.5
13| 136418 15865 alpha-2-macroglobulin (X13383mRMA,_at) -0.5
14 136077 1119 cell division cycle 2 homaolog A (S, pombe) (1367776 _at #B07E 0.5
18] 136077 5224 cell division cycle 2 homolog A (3. pombe) (NM_019296 PRC 05
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1 128736 1209 myelocytomatosis viral oncogene hormolog (avian) (1368308 _= 0s

Step 7 Click to open the IMPORT PATTERN dialog window under DATA
IMPORT/EXPORT.

Step 8 Click on BROWSE button to search and open the Nongenotoxic
Carcinogen Signature file to the IMPORT LIST field.
Step 9 Click on IMPORT button.

Exercise 6 ~ Part 2 ~ Steps 7 thru 9
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Exercise 6 ~ Part 3 ~ Identify Experiments that Match the Pattern Using
Pattern Search Tool

In this section we will take the Nongenotoxic Carcinogen Signature pattern to
search in DrugMatrix database for treatments that modulate these genes
similarly to known non-genotoxic carcinogens that were reported in the literature.

Step 1 Click on the PATTERN SEARCH tool in the TOOL BOX to open the PATTERN
SEARCH dialog window.

Step 2 Drag the Nongenotoxic Carcinogen Signature into the PATTERN LIST
entry box. Select the Return Top option and change the “Return top” number
from 50 to 20. Select the “Pearsons” option as the method to calculate the match

to the pattern.
Step 3 Click the SEARCH button at the bottom of the PATTERN SEARCH dialog

window.

Exercise 6 ~ Part 3 ~ Steps 1thru 3

FATTERMN SERRCH

FATTERM LIST

Step2

. Mongenotoxic Carcinogen Signature

N=23

(#) Return top 0
O Return bottom |
() Return where >=
() Return where <=

EXFRESSION EXFEF
| e
R (%) Paarsons
() Trinary

% coMPOUND compal| (L) Gonnectivity

ﬁ GO DATA GUERY E CANCEL [ | 5EHHCH1—Step3

i

—E FATTERM SEARCH ! E.‘ DRUG SIGHATURE(THM) HEATHAFR |
f | X
'

Step1

70



Exercise 6 ~ Part 3 ~ DATA VIEW on results from Steps 1thru 3
FATTERM SEARCH

EXFERIMEMT

ETHANCL-1d-6000mgfkg-BM-RATM-RLI1 0.887183...

CORR. COEFF

METHYL SAlLIc-5d-444mallkg-LI-RATM-RGZ230-2 0. 747798,

Step 4 Select SAVE LIST from the drop-down MENU in the PATTERN SEARCH result
window.

Step 5 Enter Nongenotoxic Carcinogen Pattern Search Top 20 into the NAME
entry box in the SAVE LIST dialog window.

Step 6 Click the SAVE button at the bottom of the SAVE LIST dialog window.
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Exercise 6 ~ Part 3 ~ Steps 4 thru 6
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Conclusions to Exercise 6

In this exercise, you learned to use the Pattern Import/Export tool to create
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Stepd

pattern of gene expression data based on literature derived gene list, and use it
to search for experiments that impact these marker genes in a similar pattern as

the known non-genotoxic carcinogens.
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Exercise 7 Evaluation of a Putative Biomarker of Nephrotoxicity

This exercise will show you how to apply the simple text search and advanced
guery tool to extract information from the database and how to construct lists of
experiments in order to identify gene markers for nephrotoxicity.

You will learn to:

* Formulate a simple query and obtain background information about a
compound.

 Extract and save lists of positive and negative class experiments for
nephrotoxicity using the advanced query tools.

+ Identify biomarker genes for nephrotoxicity with these lists using the
SIGNIFICANT GENE FINDER tool and evaluate their performance using the
EXPRESSION EXPERIMENT MATRIX tool.

Exercise 7 ~ Part 1 ~ Simple Search of a Nephrotoxicant

Bacitracin is a known nephrotoxicant. This section will demonstrate how to
extract information from the database on Bacitracin.

Begin with a simple search for information on the compound Bacitracin.

Step 1 Select the SEARCH tab.

Step 2 In the FIND TEXT field, enter Bacitracin.

Step 3 Use the WITHIN DOMAIN menu to select the EXPRESSION domain for the
query.

Step 4 Click the DISPLAY button.

This will return three experiments on Bacitracin.

Step 5 Click on BACITRACIN-3d-380mg/kg-KI-RATM-RU1 to populate the
Expression Domain Report with all the information available in DrugMatrix about
this drug.
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Exercise 7 ~ Part 1 ~ Steps 1thru 5

Step1 — T

FIND TEXT

Step2 [ T
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Step3 . EExpressinn -
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¥ MEHU LIST DISFLAY

EXFERIMENT

BACITRACIN-Sd-280ma/kg-KI-RATM-RUL
Stepb #|[¥] BACITRACIN-3d-380ma/kg-KI-RATM-RU1

The SIMILAR panel is the first panel displayed in this report. It provides a list of
experiments similar in transcriptional response to the queried experiment based
on Pearson correlation.

Step 6 Click on the HISTOPATHOLOGY panel to display a list of pathology findings
associated with this experiment. Notice the name CORTEX TUBULE NECROSIS
appears on top of this list with an average severity of 4.0 and a p-value of 0.001.
Step 7 Click on CLIN. PATH. panel to display clinical chemistry data collected on
this experiment.

Step 8 Click on the CONFIDENCE INTERVAL tab to sort clinical chemistry data by
fold change. A second click will sort from highest to lowest value.

Step 9 Mouse over the confidence interval symbol to display fold change,
average value, etc. Notice that CREATININE level has been increased by 2.4-fold
by this treatment.
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Exercise 7 ~ Part 1 ~ Step 6
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Exercise 7 ~ Part 1 ~ Steps 7 thru 9
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Exercise 7 ~ Part 2 ~ Build an Expression Experiment Advanced Query

In this exercise you will use the ADVANCED search tool to identify kidney
experiments in DrugMatrix that induce cortex tubular necrosis.

Step 1 Click on the ADVANCED search tab and click the CLEAR ALL button to
remove all previous criteria.

Step 2 Select EXPRESSION from the pull-down menu.

Step 3 Click on ADD CRITERIA.

Step 4 In the ADD CRITERIA panel build the query by clicking on the criteria
indicated below. Then type the finding “cortex, tubule, necrosis” into the text box.
Note that the syntax must match the syntax from the Histopathology Panel in
Part 1 Step 6 above.

Exercise 7 ~ Part 2 ~ Step 4
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B run aueERY

The number of experiments that fit these criteria is shown within the Advanced
Search Frame. In this case the search returns N=422. We can now narrow the
search in several ways by adding criteria to the query. To limit the search to
experiments that induce cortex tubule necrosis above a specific statistical
threshold:

Step 5 Click ADD CRITERIA.

Step 6 Add the criteria indicated in cyan below.

Step 7 Type 0.05 into the entry field.

Step 8 Click RUN QUERY.
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Exercise 7 ~ Part 2 ~ Steps 6 thru 8

ADD CRITERIA < CLOSE
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B run auery

These additional criteria have reduced the returned experiments to N=28.

We will now further restrict the experiments to only those that have been run in
the kidney.

Step 9 Click ADD CRITERIA.
Step 10 Add the criteria indicated in cyan below and click RUN QUERY.
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Exercise 7 ~ Part 2 ~ Steps 9 and 10

ADD CRITERIA
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When the search is complete, the ADVANCED SEARCH panel shows all of the

criteria by which you have searched. You can remove any criteria by click on the
REMOVE button. It also indicates the number of expression experiments you have
identified using these criteria. In this case N=13. Now that we have refined the
guery, we will display the results in the LIST DISPLAY panel and save the results to
a list:

Step 11 Click the DISPLAY button to display this list of experiments below the
panel.

Step 12 Select SAVE LIST from the MENU button on the LIST DISPLAY panel.
Step 13 Name the list in the SAVE LIST dialog window as Kidney Tubular
Necrosis Inducers. Note that additional information can be added in the
DESCRIPTION Box

Step 14 Click the SAVE button at the bottom of the SAVE LIST dialog window.
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Exercise 7 ~ Part 2 ~ Steps 11 thru 14
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We have just created the positive test set of experiments and we now need to
select a set of experiments that are negative for tubular necrosis as reference set
in order to identify biomarkers of nephrotoxicity. To do this, we just need to
modify the current search criteria by changing criteria number 2.

Step 15 Click REMOVE button for criteria number 2.

Step 16 Click ADD CRITERIA, type 0 as the average severity score in the text box

as indicated below and click RUN QUERY.
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Exercise 7 ~ Part 2 ~ Steps 15 and 16
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The Advanced Search Box should now display N=197 reflecting the experiments
run in kidney with an average severity score=0 (i.e. no histopathological sign of
tubular necrosis).

Step 17 Click the DISPLAY button to display this list of experiments below the
panel.

Step 18 Select SAVE LIST from the MENU button on the LIST DISPLAY panel.

Step 19 Name the list in the SAVE LIST dialog window as Experiments Negative
for Tubular Necrosis.

Step 20 Click the SAVE button at the bottom of the SAVE LIST dialog window.
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Exercise 7 ~ Part 2 ~ Steps 17 thru 20
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Exercise 7 ~ Part 3 ~ Find Significant Genes in an Experiment List

We will now compare these two lists of experiments in order to identify putative
biomarker genes that are significantly changed only in the positive class of
experiments.

We will use the SIGNIFICANT GENE FINDER tool to identify biomarker genes specific
for the test set of experiments that induced kidney tubular necrosis.

Step 1 Click on the SIGNIFICANT GENE FINDER tool in the TOOLBOX.

Step 2 Drag the experiment list Kidney Tubular Necrosis Inducers into the
EXPERIMENT LIST field of the SIGNIFICANT GENE FINDER dialog window.

Step 3 Drag the experiment list Experiments Negative for Tubular Necrosis
into the CONTROL LIST field of the SIGNIFICANT GENE FINDER dialog.

Step 4 Click on the NEXT button at the bottom of the SIGNIFICANT GENE FINDER
dialog window.
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Exercise 7 ~ Part 3 ~ Steps 1thru 4
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Step 5 Leave the FILTERED FOR SIGNIFICANCE check box checked, so that only
significantly modulated genes are included in the calculation.

Step 6 You can choose UP, DOWN, or BOTH to find genes that are either induced,
repressed or both. (For this exercise select BOTH).

Step 7 Leave the MAX # OF GENES at 50. This limits the display to 50 genes.

Step 8 Click the DISPLAY button on the bottom of this dialog window.

Exercise 7 ~ Part 3 ~ Steps 5thru 8

ll SIGHIFICANT GEME FINDER

Step5 _— FILTERED FOR SIGMIFICAMNCE

| DIRECTION
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The result is a list of genes with associated score and direction of change. The

score indicates how consistently the expression of the gene differs between the
two set of experiments.

Step 9 Click on the SCORE tab to sort the genes by their associated scores from
the highest to lowest.

Exercise 7 ~ Part 3 ~ DATAVIEW resulting from Steps 1 thru 9

hvpothetical gene su

MIF4S dormain containing [(Mon-specific probe’ (U&0096 PROBEL] 0,234, UP

In order to work further with this list of putative biomarker genes, we need to save
it as a list.

Step 9 Select SAVE LIST from the MENU button on the LIST DISPLAY panel.

Step 10 Name the list in the SAVE LIST dialog window as Putative Biomarker
Genes for Nephrotoxicity.

Step 11 Click the SAVE button at the bottom of the SAVE LIST dialog window.
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Exercise 7 ~ Part 4 ~ Evaluate Biomarker Genes Using Expression

Experiment Matrix tool

Now that we have identified the putative biomarker genes for nephrotoxicity, we

can evaluate the performance of these genes as biomarkers by using the
Expression Experiment Matrix tool to generate a 2-dimensional hierarchical
clustering matrix that will display the impact of treatments with compounds

positive for kidney tubular necrosis on those selected genes.

Step 1 Drag the Putative Biomarker Genes for Nephrotoxicity list to the

EXPRESSION EXPERIMENT MATRIX tool.

Step 2 Drag the Kidney Tubular Necrosis Inducers experiment list to the

EXPERIMENT LIST field of the EXPRESSION EXPERIMENT MATRIX tool.

Step 3 Click on the DISPLAY button at the bottom of the EXPRESSION EXPERIMENT

MATRIX dialog window.

Exercise 7 ~ Part 4 ~ Steps 1thru 3
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Expression Experiment Matrix output for Putative Biomarker Genes for
Nephrotoxicity gene list and Kidney Tubular Necrosis Inducers experiment
list

Putative Biomarker Genes for Nephrotoxicity
Experiment Name

BAG ITRAG IN-54-330mg/kg-Ki-
ALLOPURINOL-3d-175mg/ig-KI

GIBPLATIN.53-2mg/kg-KI-RAT

2-AMINO-4-N 1-50-625mg/hg-Ki-
VANG OM YT N -5d- 160m g/ig- K1
CALG ITRIOL-5d- 04m a/ig-KI-R
LEAD (I} AC-5d-8600mg/kg-KI-R.
LEAD(IV) AC E-54-600mg/kg-Ki-
CIBPLATIN-5d-1.17mgig-Ki-R.
LEAD (Il) AG~ R
GENTAMIC IN-5d-207mg/hg-KI-

o

°

00

10

LOG10(EXPRESSION RATIO]
05
M o paTa
00 A
wwnnlu] Gene Name

As expected, compounds that induce kidney tubular necrosis strongly and
consistently induced or repressed these biomarker genes.

We can then create a hierarchical clustering analysis that compares induction or
repression of these same 50 biomarker genes with treatments in the negative
reference class of experiments that we created.

Step 4 Drag the Putative Biomarker Genes for Nephrotoxicity list to the
EXPRESSION EXPERIMENT MATRIX tool.

Step 5 Drag the Experiments Negative for Tubular Necrosis experiment list to
the EXPERIMENT LIST field of the EXPRESSION EXPERIMENT MATRIX tool.

Step 6 Click on the DISPLAY button at the bottom of the EXPRESSION EXPERIMENT
MATRIX dialog window.
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Expression Experiment Matrix output for Putative Biomarker Genes for

Nephrotoxicity gene list and Experiments Negative for Tubular Necrosis
experiment list

Putative Biomarker Genes for Nephrotoxicit

= -

| i
4

s

3 i \ ] : i
I:1,1||||--~-.,vl-._v|||||-. ............. a2 o128 ] o o o= ] g O o o S o o 08 R 0
- - z I .

The resulting heat map illustrates that the experiments that are negative for
kidney tubular necrosis impact the 50 biomarker genes in a manner that appears
random and inconsistent compared to the positive class.

Conclusions to Exercise 7

In this exercise you used the simple and advanced search features to populate
experiment lists, and used the SIGNIFICANT GENE FINDER feature to identify
putative biomarker genes for nephrotoxicity.

You then used the EXPRESSION EXPERIMENT MATRIX tool to visualize the
performance of the identified biomarker genes across positive and negative class
treatments.
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Exercise 8 Compare Fibrates and Statins Using Drug Signatures

A Drug Signature is a pattern of gene expression responses for a set of genes
that can be used to classify a set of experiments reliably compared to the
experiment population, or a defined set of control experiments.

Signatures can be used to find compounds that are similar to an unknown, more
reliably than by using the full gene expression pattern. The content of a signature
can also be used to provide understanding of the role key genes play in
characterizing of the experiments in the set. In this exercise, we will explore Drug
Signatures in the liver and compare signature matches between fibrates and
statins.

You will learn to:

» Use an ADVANCE query to extract appropriate Drug Signatures.

* Use the DRUG SIGNATURE HISTOGRAM and DRUG SIGNATURE HEATMAP tools to
compare the matches of fibrates and statins to Drug Signatures in liver.

* Use the EXPRESSION EXPERIMENT MATRIX tool to examine the impact of selected
experiments on Drug Signature genes.

* Use the MOTIF technology to dissect biological meaning for the Drug Signature
matches.

Exercise 8 ~ Part 1 ~ Construct Appropriate Drug Signature List

The following exercise will show you how to build a signature list using the
advance query tool containing Drug Signatures in liver, derived from Affymetrix
rat whole genome RG230-2 array data and using SPLP algorithm.

Step 1 Click on the ADVANCED SEARCH tab and click the CLEAR ALL button to
remove all previous criteria.

Step 2 Select SIGNATURE from the drop down menu.

Step 3 Click ADD CRITERIA and select

-which have details with

-tissue name

-exactly match

-[liver]

Step 4 Click the RUN QUERY button at the bottom of the ADD CRITERIA panel
Step 5 Click on ADD CRITERIA (this is equivalent to the Boolean operator “AND”)
and select

-which have details with

-algorithm

-exactly match

-[SPLP]

Step 6 Click the RUN QUERY button at the bottom of the ADD CRITERIA panel
Step 7 Click on ADD CRITERIA

-which have details with

-chip name
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-exactly match

-[RG230-2]

Step 8 Click the RUN QUERY button

This search results in a total of 24 Drug Signatures.

Search results from Exercise 8 ~ Part 1 ~ Steps 1 thru 8

ADYARNCED

SEARC WOFRHS =]
ADVAMNCED SEARCH ADD CRITERIA >

FIND

Signature -
M =24 B crerr ace | Bl cisFLAy
WHERE: BEMOWE

Find zignatures which have details with
tizsue narme exactly match liver

AND: BEMOWE
Find zignatures which have detailz with
algorithrm exacly match SPLP

AND: BEMOWE

Find zignatures which have detailz with
chip name exactly match RG230-2

Step 9 Click on the DISPLAY button.

Step 10 Select SAVE LIST from the MENU button on the LIST DISPLAY panel.
Step 11 Name the list in the SAVE LIST dialog window, for example as

Liver SPLP RG230-2 sighatures

Step 12 Click the SAVE button at the bottom of the SAVE LIST dialog window.

Exercise 8 ~ Part 1 ~ Steps 11 and 12
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Workspace |T
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Exercise 8 ~ Part 2 ~ Create a Compound List

Step 1 Select the SEARCH tab in the SEARCH - WORKSPACE area.

Step 2 Type the letters fibr in the FIND TEXT field.

Step 3 Choose COMPOUND from the WITHIN DOMAIN drop-down menu.
Step 4 Click on DISPLAY button

Exercise 8 ~ Part 2 ~ Steps 1 thru 4

Step1

Step2 ———[fibr

Step3 m————+ [Compound -
Step4 p» B ci=FLAY

1 MHEHU LIST DISFLAY

COMPOUND

[¥] GEMFIBROZIL

BEZAFIBRATE

Step 5 Choose SAVE LIST from the MENU button on the LIST DISPLAY panel
Step 6 Save the list as Fibrates

Step 7 Next do a SIMPLE SEARCH in the COMPOUND domain for statin

Step 8 Click the DISPLAY button

Step 9 Choose UNCHECK ALL from the MENU button on the LIST DISPLAY panel
Step 10 Select the five compounds shown selected below
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Exercise 8 ~ Part 2 ~ Steps 7 thru 10

Step?
FIMD TEXT
|statin
WITHIN DOMAIN
|Compound b
StepB P cizFLAY
Stepg LIST DISPLAY
Step10

Step 11 Choose SAVE LIST from the MENU button on the LIST DISPLAY panel
Step 12 In the SAVE LIST dialog, save the list as Statins

Next, use the UNION tool to combine the two compound lists you have just
created.

Step 13 Click on the WORKSPACE tab and click on the TOOLBOX icon

Step 14 Click on the UNION tool in the LIST EDIT area of the TOOLBOX

Step 15 Drag each of the two lists Fibrates and Statins into the ‘DROP’
FAVORITE/LISTS box

Step 16 Name the list Fibrates + Statins

Step 17 Click the UNION button at the bottom of the UNION dialog window
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Exercise 8 ~ Part 2 ~ Steps 14 thru 17

UHIOHN

Step14

‘DROF' FAYORITESALISTS

» &
Step1s

remnove

remnove

SELEGT WHERE TO SAYE THE HEW LIST
ﬂWoﬂ:spate

[Em HsAaIDs

. Wiown Selective Genes

. Celeconib Selective Genes -

@ﬂ

HAME
Fibrates + Statins

+—Step16

DESCRIFTION

B crnceL B uhion —— Step17

At this stage we have the list Fibrates + Statins containing two classes of
compounds with different mechanistic actions which are used therapeutically to
lower cholesterol. The fibrates do this by increasing fatty acid oxidation, while the
statins do this by blocking cholesterol production.

Exercise 8 ~ Part 3 ~ Generate a Drug Signhature Histogram

The previous exercise showed you how to generate a simple "T-rank" signature.
The resulting signature could be viewed to understand the genes and their
expression pattern.

This next exercise will show you how to analyze an expression experiment using
Drug Signatures derived using the high performance SPLP classification algorithm.

Step 1 Click on the SEARCH tab.
Step 2 Type fenofibrate in the FIND TEXT field.
Step 3 Choose EXPRESSION from the WITHIN DOMAIN select menu.
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Step 4 Click on the DISPLAY button.
Step 5 Scroll down and click on FENOFIBRATE-3D-215MG/KG-LI-RATM-RG230-2 in the
EXPERIMENT list.

Exercise 8 ~ Part 3 ~ Steps 1thru 5
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This will populate an EXPRESSION Domain Report with information about the
experiment FENOFIBRATE-3D-215MG/KG-LI-RATM-RG230-2.

Step 6 On the EXPRESSION Domain Report panel, click on the FAVORITES button
and choose ADD TO FAVORITES from the drop-down menu.

This will add FENOFIBRATE-3D-215MG/KG-LI-RATM-RG230-2 t0 your FAVORITES list
and it will also be available from the WORKSPACE area.

Exercise 8 ~ Part 3 ~ Step 6
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Step6

FEMOFIERATE-ZD0-21EMG/KG-LI-FRATHM-FRG==0-=2
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COMFOUND EXFERIMEMT

FEMOFIBRATE

Step 7 Click the WORKSPACE tab.

Step 8 Click on the TOOLBOX icon to open the TOOLBOX.

Step 9 Click the DRUG SIGNATURE(TM) HISTOGRAM tool from the TOOLBOX.

Step 10 Drag the list FENOFIBRATE-3D-215MG/KG-LI-RATM-RG230-2 from the
WORKSPACE area into the EXPRESSION EXPERIMENT DATA/FAVORITE field of the
DRUG SIGNATURE(TM) HISTOGRAM dialog window.

Step 11 Drag the list Fibrates + Statins into the COMPOUND/EXPRESSION
EXPERIMENT LIST field of the DRUG SIGNATURE(TM) HISTORGRAM dialog window.
Step 12 Drag the list Liver SPLP RG230-2 signatures into the SIGNATURE LIST
field of the DRUG SIGNATURE(TM) HISTOGRAM dialog window.

Step 13 Select SCALAR PRODUCT from the SCORING METHOD drop-down menu.
Step 14 Click on the DISPLAY button at the bottom of this dialog window.

Exercise 8 ~ Part 3 ~ Steps 9 thru 14
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This will display a table with Drug Signature names in the first row and compound
names in the first column. The matches to Drug Signatures are represented by
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the scalar product score as indicated by the color scale. Scalar product score
less than 0 indicates not matching the signature, and scalar product score higher
than O but less than 1 is considered weak match. Compound strongly match a
Drug Signature will have a scalar product score higher than 1, which indicates a
high probability that the test compound has the feature exhibited in the positive
class of the training set.

Exercise 8 ~ Part 3 ~ DATAVIEW of Drug Signature HISTOGRAM panel
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The analysis shows that the fibrate compounds match the peroxisome
proliferator signature, and the statins match the cholesterol biosynthesis inhibitor
signature as we would expect.

Step 15 You can now select signatures that are relevant by selecting the
SIGNATURE tab in the SIGNATURE HISTOGRAM panel and saving the list.

Exercise 8 ~ Part 3 ~ Step 15 Drug Signature SIGNATURE panel
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DRUG SIGHATURE (TH) HISTOGRAHK: LIYER SPLF RGZ230-2 SIGHATUH

DREUG SIGHATUREL(THMY HISTOGREAM

Step 16 You can also refine your lists of compounds or experiments by selecting
the EXPERIMENTS tab in the SIGNATURE HISTOGRAM panel and saving the
appropriate list.

Exercise 8 ~ Part 3 ~ Step 16 Drug Signature EXPERIMENTS/COMPOUNDS panel

DRUG SIGHATURE (TH) HISTOGRAMK: LIVYVER SPLPF RGZ30-2 SIGHATUR

DREUG SIGHMATUREC(THMI HISTOGRAM

COMPOUMD

FLLNASTATIN

CLOFIBRIC ACID

SEMFIBRCOZIL

You can save signature list or experiment/compound lists using the MENU button
on any of the SIGNATURE HISTOGRAM tabs.

Exercise 8 ~ Part 4 ~ Generate a Drug Sighature ™ Heatmap
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This exercise will show you how to use a different display to explore your
signature matches. The visualization in this section uses a heatmap to display
the signature matches and a 2-D hierarchical clustering to show the relative
relationship among signatures or experiments.

To do this, we need to first populate a list of liver experiments for the five fibrates
and five statins.

Step 1 Click on the ADVANCED SEARCH tab.

Step 2 Select EXPRESSION from the drop down menu.

Step 3 Click CLEAR ALL then click ADD CRITERIA and select

-which have (details) for

-compounds

-in the saved list named

-[Fibrates+Statins]

Step 4 Click the RUN QUERY button at the bottom of the ADD CRITERIA panel
Step 5 Click on ADD CRITERIA and select

-which have (details) for

-experiments run on tissues that

-exactly match

-[liver]

Step 6 Click the RUN QUERY button at the bottom of the ADD CRITERIA panel
This search results in a total of 48 expression experiments. We will further refine
the list to only experiments performed with a time-point of 3 days.

Step 7 Click on ADD CRITERIA and select

-which have (details) for

-experiments run with a timepoint (in days) of

-equal to

-[3]

Step 8 Click on ADD CRITERIA

-which have (details) for

-chip names which

-exactly match

-[RG230-2]

Step 8 Click the RUN QUERY button

Search results from Exercise 8 ~ Part 4 ~ Steps 1 thru 8
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Step 9 Click on the DISPLAY button.

Notice that the number of experiment is down to 14.

Step 10 Select SAVE LIST from the MENU button on the LIST DISPLAY panel.
Step 11 Name the list in the SAVE LIST dialog window, for example as
Fibrates+Statins liver 3d.

Step 12 Click the SAVE button at the bottom of the SAVE LIST dialog window.

Exercise 8 ~ Part 4 ~ Steps 10 thru 12
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Step 13 Open the DRUG SIGNATURE(TM) HEATMAP tool from the DATA
VISUALIZATION section of the TOOLBOX.

Step 14 Drag the list FENOFIBRATE-3D-215MG/KG-LI-RATM-RG230-2 that you created
in Exercise 9 ~ Part 3 into the EXPRESSION EXPERIMENT DATA/FAVORITE field of
the DRUG SIGNATURE(TM) HEATMAP dialog window.

Step 15 Drag the list Fibrates+Statins liver 3d into the COMPOUND/EXPRESSION
EXPERIMENT LIST field of the DRUG SIGNATURE(TM) HEATMAP dialog window.
Step 16 Drag the list Liver SPLP RG230-2 signature into the SIGNATURE LIST
field of the DRUG SIGNATURE(TM) HEATMAP dialog window.

Step 17 Select SCALAR PRODUCT from the SCORING METHOD drop-down manu.
Step 18 Click on the DISPLAY button at the bottom of this dialog window.

Exercise 8 ~ Part 4 ~ Steps 13 thru 18
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Exercise 8 ~ Part 4 ~ DATAVIEW of Drug Signature Performance HEATMAP panel
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Hypalipidemic therapeutic-like_.. [N “
B

Peroxisome proliferator_LIVER_...
E Hepatic apoptosis, early gene ...
Hepatic leukocytosis, moderate. .
Hypercholesterolemia_LIVER_RG...
Increase in serum transaminase...
Cholesterol biosynthesis inhibit...
1| Chalesteral biosynthesis inhibit... B9
Neutrophilia_LIVER_RG230-2_SP. ..
— Serum ALT and AST increase_LI...
{__. Hepatic apoptosis_LIWVER_RG230...
Serum ALT elevation - Public bi..,
U— Acute phase response and bloo...
— Hepatic necrosis_LIVER_RG230-... L
‘E Serum alanine aminotransferas... '
Hepatic apoptosis, severs_LIVER...
Neutrophilia, early gene expres...

The 13 experiments in the list are separated into two clusters, the fibrates and
the statins, based on the matches to Drug Signatures. The fibrate compounds
match the peroxisome proliferator signature, while the statins match the
cholesterol biosynthesis inhibitor signature, a result you would expect given their
different mechanism of action.

The EXPERIMENTS/COMPOUNDS tab in the display also allows you view or save
the list of experiments.

Exercise 8 ~ Part 5 ~ Dissect Biological Meaning in a Drug Signature

Each Drug Signature is composed of a list of genes with associated weight for
best separation between the positive and negative training class compounds.
This part of the exercise will show you how to visualize the impact of expression
experiments on signature genes.
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In DrugMatrix, it is also possible to identify biological pathways that can be used
to explain the match to a Drug Signature, which is achieved by using the
innovative MOTIF technology. A motif is derived very much like a Drug Signature,
except that only genes associated with the 137 annotated biological pathways in
Drug Matrix are used as gene universe. So instead of using genes, such as
ESTs, that have no apparent biological annotation, motif uses genes with well
characterized physiological and molecular function. This can facilitate the
interpretation of Drug Signature matches in a biologically meaningful way.

We will use the peroxisome proliferator Drug Signature as an example.

Step 1 Click on the SIGNATURES tab in the DRUG SIGNATURE(TM) HEATMAP panel.
Step 2 Select the peroxisome proliferator signature from the list.

Step 3 The hyperlink will take you to the SIGNATURE DOMAIN panel.

Exercise 8 ~ Part 5 ~ DATA VIEW of the SIGNATURE DOMAIN

¥l FAYORITES <1 EAGK ¥l FORWARD

FEFROXISZ0OME FROLIFERATOR_LIVER_RG2=0-2_SFLF_E.1.=2

*1 MEMU

;‘

EXFERIMENT

E FENOFIBRATE-7d-100mag/...

Cel

The first window shown is the EXPERIMENT panel (a list of experiments that match
this signature) on the left and the CLASS DESCRIPTION panel (the description of
the positive, negative and excluded classes used to derive the signature) on the
right.

Step 4 Click on the POSITIVE CLASS tab in the left panel, this shows a list of
experiments used in the positive training class for derivation of this signature.
Step 5 Click on the TRUTH tab in the right panel, this shows a list of signature
performance criteria, including log odd ratio, percent of true positive and true
negative, the size of positive, negative and exclude classes, etc.
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Exercise 8 ~ Part 5 ~ Steps 4 and 5

Step 4

Average Log Odds: 7,21

Average True Positive: 71.2 9%

Average True Negative: 59.8 %;

Positive Class Size: 41

Negative Class Size: 573
Excluded Class Size: 84.0

Total Size: 520.0

Step 6 Click on the GENES tab in the left panel, this shows a list of genes used in
this signature to classify compounds.

Step 7 Select SAVE LIST from the drop-down MENU.

Step 8 Name the list in the SAVE LIST dialog window, for example as
peroxisome proliferator signature genes.

Step 9 Click the SAVE button at the bottom of the SAVE LIST dialog window.

Exercise 8 ~ Part 5 ~ Steps 6 thru 9
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Stepb

Step7

SELECT WHERE TO SAYE THE MEW LIST

Workspace ,T
[~ | P
(&3 NsAIDs

. Winus Selective Senes

TS UNCHEZK ALL
~—| EXFORT
T

. Celecoxib Selective Genes

Al ol cal |

HAME

|per0xisome proliferator signature genes — Steps

DESCRIFTION

B cancer | B sAvE 4—

Stepo

very large G-protein cou)

Step 10 Open the EXPRESSION EXPERIMENT MATRIX tool from the DATA
VISUALIZATION section of the TOOLBOX.

Step 11 Drag the list peroxisome proliferator signature genes into the GENE
LIST field of the EXPRESSION EXPERIMENT MATRIX dialog window.

Step 12 Drag the list Fibrates+Statins liver 3d into the EXPRESSION EXPERIMENT
LIST field.

Step 13 Click on the DISPLAY button at the bottom of this dialog window.

Exercise 8 ~ Part 5 ~ Steps 10 thru 13

Step'lo—., EXFRESSION EXFERIMEMT MATRIX

GEME LIST

Step11 —s

. peroxizorne proliferator signature genes

M=21

EXPRESSION EXFERIMENT LIST

Step12 . Fibrate+Statine liver 3d

M=13

B cAncel | B DispLay | Se— St3p13

Expression Experiment Matrix output for peroxisome proliferator signature
genes gene list and Fibrates+Statins liver 3d experiment list

104



0.40 1.0

L1 1 1 1 1 |Experiment Name
BEZAFIBRATE-3d-100ma/kg-Ll-...
FENOFIBRATE-3d-100mg/kg-Ll...
BEZAFIBRATE-3d-617ma/kg-LI-...
FENOFIBRATE-3d-215ma/kg-Ll...
CLOFIBRIC AC-3d-448ma/kg-Ll...
GEMFIBROZIL-3d-700mg/ka-Ll...
GEMFIBROZIL-3d-100ma/kg-Ll...
CLOFIBRATE-3d-130ma/ka-LI-
FLUVASTATIN-3d-94ma/kg-LI-...
CERPVASTATIN-3d-7ma/Kg-L-...
SIMYASTATIN-3d-1200ma/kg-L
LOVASTATIN-3d-1500mg/kg-LI.
ATORVASTATIN-3d-2.5ma/kg-...

1.0

W o DATA
0.0
wonilinnn ] Gene Name

LOG10{EXPRESSION RATIO)

As you can see from the expression experiment matrix, the fibrates and statins
are clustered into two distinct groups, indicating distinct pattern of impact on the
signature genes.

Next, we will look at motifs associated with the peroxisome proliferator signature
and identify pathway(s) that can help explain the signature match.

Step 14 Click on the ADVANCE SEARCH tool

Step 15 Select MOTIF from the drop down manu

Step 16 Click ADD CRITERIA and select

-which are related to experiments

-found

-in the saved list named

-[Fibrates+Statins liver 3d]

Step 17 Click the RUN QUERY button at the bottom of the ADD CRITERIA panel

Exercise 8 ~ Part 5 ~ Steps 16 and 17
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ADD CRITERIA

Find motifs which are related to experiments found in the saved list named ...

which have names whose names — in the saved list named =
which are similar — found |
which includes genes treated with compounds whose names
— which are related to experiments —| treated with compounds
which have (details) for with 5P scores that are
which have descriptions far

Fibrates+Statins liver 3d - -

B run auery

Step 18 Click ADD CRITERIA and select

-which have names

-that

-contain

-[peroxisome]

Step 19 Click the RUN QUERY button at the bottom of the ADD CRITERIA panel

Exercise 8 ~ Part 5 ~ Steps 18 and 19
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ADD CRITERIA

Find motifs which have names that contain ...

— which have names —— that exactly rnatch
which are similar found begin with
which includes genes end with
which are related to axperiments contain

which hawve [(details) for

which have descriptions for

peroxisore -

B run auery

Step 20 Click the RUN QUERY button at the bottom of the ADVANCE SEARCH panel
Step 21 Click the DISPLAY button on the ADVANCE SEARCH panel.

A total of 32 motifs are found with the above search. A quick scan of the motif
names indicates that the regulation of fatty acid metabolism pathways are
associated with the peroxisome proliferator signature, and can at least partially
explain the match to the peroxisome proliferator Drug Signature.

Exercise 8 ~ Part 5 ~ Step 21

107



ADD CRITERIA

N = 25 B cLeERR ALL H ocisFLay

WHEFRE: REMOVE
Find rnotifs which are related to experiments found in the saved list named
Fibrate+Statins liver 3d

AND: REMOVE
Find rnotifs which have names that contain peroxisome

>l MEMLU LISET DISFLAY

MOTIF

&

Peroxizorme proliferator ¥enobiotic Metabalism

&

Peroxizorme proliferator Acute Phaze Response

Step 22 Click the Peroxisome proliferator SREBP, Regulation of Fatty Acid &
Cholesterol Biosynthesis motif.

Exercise 8 ~ Part 5 ~ DATA VIEW of the MOTIF panel
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FEROQXI=SOME FROLIFERATOFR_=EREEF. REGULATIOW OF FATTY ACIDE

pLhend _

| [moTiF SIGHNATURE MAME Motlf Truth Table:

Feraxisarne proliferatar ... Peroxizorme proliferator LIVER RGZ230-2 SPLP

Log Ddds: 6,13

“““““““““““““““ R e e Average True Positive: 75,9 %

Average True Megalive: 99,3 %%

Positive Class Size: 41

Megative Class Size: 579

Excluded tlass Size: 24,0

Total Size: s20.0

Pathway:

___________________________ Bovieisens pialfioisiey LWER PASHD 1 ZELE Reference Signature: Peronizome

.. Peroxisorne proliferator LIVER RGZ30-2 SPLP proliferator LIWER RGZ220-
--------------------------------------------------------------------------- Z SPLP 5.1.7

---------------------------- e e e e e Tissue: LIVER

"""""""""""""""""""""""""""""""""""""""""""""""" Reference Pathway: SRERE
- Eequlation of Fatty Acids &
Cholesteral Biosynthesis

The first window shown is the SIMILAR tab (a list of motifs that are similar to the
Peroxisome proliferator_ SREBP, fatty acid & cholesterol biosynthesis maotif)
on the left panel and the TRUTH tab (a list of signature performance criteria,
including log odd ratio, percent of true positive and true negative, the size of
positive, negative and exclude classes, etc.) on the right panel. The reference
signature and reference pathway names are shown at the bottom of the TRUTH
TABLE as hyperlink.

Step 23 Click on the GENE tab in the left panel, this shows a list of genes used in
this motif for classifying compounds.

Step 24 Click on the CLASS DESCRIPTION tab in the right panel, this shows the
description of the universe, the positive, negative and exclude class compounds.

Exercise 8 ~ Part 5 ~ Steps 23 and 24
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FEROXIZSOME FROLIFERATOFR_SKREEF, REGULATIONM OF FATTY ACIDE...

Universe: (Tissue = LIVER) and
(TirePaint <= 7)

Class 1 Description: Activity Clazs =
Peronisome proliferator

Class -1 Descrption: 3| ¢|ze

tlass 0 Description: (Compound =
VALPROIC ACID) of (Compound =

Hlliemes e nhoonb ot Hehudro 017265 TICRYHAFER] or (Structure Activity
--------------------------------------------------------------------------- Class = PPAR gamma agonist,
nucear receptor subfamily 1, g... 0.159341 thiazalidinedione, antidiabetic) ar

(Activity Clasz = Unknown mechanismm)

Step 25 Save the list of genes as Motif genes by selecting SAVE LIST from the
drop-down MENU.

You can also click on the EXPERIMENT tab in the motif panel, which will show a
list of experiments that match to the motif.

Step 26 Open the EXPRESSION EXPERIMENT MATRIX tool from the DATA
VISUALIZATION section of the TOOLBOX.

Step 27 Drag the list Motif genes into the GENE LIST field of the EXPRESSION
EXPERIMENT MATRIX dialog window.

Step 28 Drag the list Fibrates+Statins liver 3d into the EXPRESSION EXPERIMENT
LIST field.

Step 29 Click on the DISPLAY button at the bottom of this dialog window.

Exercise 8 ~ Part 5 ~ Steps 26 thru 29

Stepzs—h EXFREZSI0OMN EXFERIMENT MATRI=

GEME LIST

Step2? —— . rnotif genes

N=24

EXFRESSION EXFERIMEMT LIST

Stepza . Fibrate+Statins liver 2d

N=13

B crrcer | B oispLay | Se— Steng
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Expression Experiment Matrix output for Motif Genes gene list and
Fibrates+Statins liver 3d experiment list

0.0 1.0
Experiment Name

CLOFIBRATE-3d-130ma/ka-LI-..
FENOFIBRATE-3d-100mg/Kg-LI...
GEMFIBROZIL-3d-700mg/kg-Ll...
GEMFIBROZIL-3d-100mg/kg-LI...
BEZAFIBRATE-3d-617ma/kg-Ll-...
FENOFIBRATE-3d-215mg/kg-LI...
BEZAFIBRATE-3d-100ma/kg-Li-...
CLOFIBRIC AC-3d-448ma/kg-LI...
LOVASTATIN-3d-1500ma/kg-Ll...
FLUVASTATIN-3d-34ma/kg-Li-.

SIMVASTATIN-3d-1200makg-L...
CERIVASTATIN-3d-7ma/Kg-Ll-...

I: SIMYASTATIN-3d-15mg/ka-LI-..
ATORVASTATIN-3d-2.5ma/kg-..

A0
=

0.0
Gene Name

1.0

LOG1 0{EXPRESSION RATIO)

M No DaATA

-0.5

As you can see from the expression experiment matrix, the fibrates and statins
are clustered into two distinct groups, indicating distinct pattern of impact on the
motif genes. The fibrates strongly induce genes involved in fatty acid
biosynthesis, whereas statins do not.

Conclusions to Exercise 8

In this exercise you have learned how to extract appropriate sets of Drug
Signatures using the ADVANCE query tool. You used the DRUG SIGNATURE
HISTOGRAM and DRUG SIGNATURE HEATMAP tools to visually examine similarities
and differences between a group of fibrates and statins. You compared the
impact of the different fibrates and statins on peroxisome proliferator signature
genes using the EXPRESSION EXPERIMENT MATRIX tool. Finally, you identified
biological pathways that could help explain the match to the peroxisome
proliferator signature using the lconix MOTIF technology. These tools allowed you
to compare and contrast the two groups of experiments using the Iconix library of
validated signatures and motifs.
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Exercise 9: Relating Clinical Chemistry and Molecular
Pharmacology Findings to Gene Expression Data

This exercise demonstrates how to explore multiple domains to elucidate
compound similarities and differences all the way to the relevant pathway. The
exercise investigates cholesterol lowering compounds, what are they and what
are their possible mechanisms, and relates clinical chemistry and molecular
pharmacology data with gene expression.

You will learn to:

» Use an advanced search to extract experiments that have certain clinical
chemistry response, assays that meet certain criteria.

* Use the EXPRESSION EXPERIMENT > COMPOUNDS translation tool to convert an
experiment list to a compound list and vice versa.

» Use the COMPOUND COMPARE tool to get a quick overview of a list of
compounds.

» Use the BIO-ACTIVITY MATRIX tool to visualize the clustering of compounds
based on assays.

» Use a simple search to extract a desired pathway and save the pathway genes.
* Use the EXPRESSION EXPERIMENT MATRIX tool to visualize the clustering of
experiments based on gene expression.

* Use the PATHWAY VISUALIZATION tool to visualize the effect of compounds on
pathways.

Exercise 9 ~ Part 1 ~ Search for Cholesterol-lowering Experiments

In this part of the exercise, we will conduct an advance query to extract
experiments that lower cholesterol by at least 2 fold.

Step 1 Click on the ADVANCED search tab.

Step 2 Select EXPRESSION from the select menu.

Step 3 Click on ADD CRITERIA, and select the following criteria

-which have clinical chemistry responses

-in assays with names that

-contain

-[cholesterol]

Step 4 Click the RUN QUERY button.

This query selects all experiments with cholesterol level measured in clinical
chemistry study.

To further limit the experiments...

Step 5 Click the ADD CRITERIA button, and select

-which have clinical chemistry responses

-with log ratio values

-less than

-[-0.3]

Step 6 Click on the RUN QUERY button.
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This query selects all experiments with any clinical chemistry response lowered
by at least 2 fold. Combined with the first query, it selects all experiments that
lower cholesterol level by 2 fold.

Step 7 Click on the DISPLAY button to display the experiment list in the LIST
DISPLAY area.

Step 8 Select SAVE LIST from the drop-down MENU button

Step 9 Save the list of experiments as exps that lower cholesterol by 2 fold

Exercise 9 ~ Part 1 ~ Steps 1thru 9

Stepl ——»

* FAVORITES
FIND

Step2 ———*| Expresszion -
SGEMFIEROZIL-ZD-7O00MG:
StepT =177 Horerr e Bl oiselay
B TrANSCR. RESF.
WHERE: EEMOUE
Step3,4 =————| Find expression experiments which have dinical linRlieEn | (ERRREESER

chemistry responses in assays with names that
cantain chalestaral

SELECT WHERE TO SAVE THE MEW LIST

ﬂ Workspace

. hepatoxic exprazsion

. hepatoxin_liver

AND: FREMOWE
Steps Bk Find exprassion experirmants which have clinical

! chernistry responses with log ratio values lass
than -0.2

R
ARG LIST DISFLAT

Stepa —p [l =AVE LIST
CHEGK ALL

~ UMCHECK ALL

el |

NAME
|E><ps that lower cholesteral by 2-fald -+

Step9

DESCRIFTION

BEcancer | B save

W] RFETa-FETRART-3A-150

ranfka-l T-RATM-RI111

To further narrow the experiments to only those done in liver:

Step 10 Click the ADVANCED tab make sure that the previous search results are
still displayed in the SEARCH panel.

Step 11 Click the ADD CRITERIA button, and select

-which have (details) for

-experiments run on tissues that

-exactly match

-[liver]

Step 12 Click on the RUN QUERY button

Step 13 Click on the DISPLAY button to display the experiment list, there should be
a total of 30 experiments

Step 14 Click on the MENU button and save the list of experiments as Liver exps
that lower cholesterol by 2 fold
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Exercise 9 ~ Part 1 ~ Steps 10 thru 14

FIND

A=l
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Exercise 9 ~ Part 2 ~ Convert the Experiment List to a Compound list

Next, we will convert the experiment list to a compounds list.

Step 1 Click on the WORKSPACE tab and open the TOOLBOX
Step 2 Choose EXPRESSION EXPERIMENTS > COMPOUNDS tool from the DATA

TRANSLATION section.

Step 3 Drag the Liver exps that lower cholesterol by 2 fold list into the

EXPRESSION EXPERIMENT LIST field

Step 4 Name the new list comps that lower cholesterol by 2 fold

Step 5 Click the TRANSLATE button.

114



Exercise 9 ~ Part 2 ~ Steps 3 thru 5

EXFRESSION EXFERIMENTS » COMFOURNDS E

EXFRESSI0ON EXFERIMENT LIST

Steps—-*. Liver exps that lower cholesteral by 2-fald

N =30

SELEGT WHERE TO SAME THE NEW LIST
ﬂWorkspace

Em NsAIDs

. Vinnn Selective Genes

. Celecarib Selective G

@ﬂ

NAME
Step4—-h:C0mpounds that lower cholesterol by 2-fold

DESCRIFPTION

B cancer | B TRANSLATE ‘1_Step5

To get a quick overview of these compounds...

Step 6 Open the TOOLBOX and choose the COMPOUND COMPARE tool from the
DATA VISUALIZATION section

Step 7 Drag the comps that lower cholesterol by 2 fold list into the COMPOUND
LIST field.

Step 8 Click the DISPLAY button

Step 9 Mouse over the chemical structures for detailed information about the
displayed compounds.
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Exercise 9 ~ Part 2 ~ DATA VIEW of results from Steps 6 thru 9

COHMPOUND COMFARISON OF CONFOUNDS THAT LOWER CHOLESTEROL EY 2Z-FOLD

COMFOUMD COMFARE

3l MEMU | GOMFOUND COMFPARE

o i

cl Compound Name:
LOVASTATIN
Compound Identifier:
09007 7(MDDR)
75330-75-5(CAS_MUM)
ICHSE00190(CrugMatris)
MCMCO0005082(CMC)
MFCDO007Z164(ACD)

Molecular Weight: 405

Formula: C24 H36 OF

e

ot

FD A Approval: US FD'A Approved
Smiles: COCICICI=010C1 COC)
C=CZC=COICICICCoICC(OICe

.r;.‘k’o‘?"

Product Class: Synonyms:

Cardiovasculars EALPHA-

Indication: METHYLCOMPACTIMN

Arterioslerotic Coronary Artein

Artery Dizsease f L_'154803

Coronary Heart Lipascler

Dizease / Ischemic MENIMOLIN

Heart Disease FLEITES

Hypercholesteralemia MONACOLIMN K

Hypertriglyceridemia Mewacor

Primaty Prevertion of  MEvacer (Merck & Co.,
s, Us, Us)

Coronary Heart Disease

Mode of Action:
Inhibit chalesteral
biosynthesiz
Mode Class:
Enzyme Inhibitor

Mevinacor (Merck &
S0, DE)
MNEC-63233781

Notice that the compounds include the statin class of drugs, sex steroids and

some anti-cancer agents.
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Exercise 9 ~ Part 3 ~ Extract Specific Assays for Compounds

H

=E

We will conduct advance queries on assays that have been performed for the list
of cholesterol lowering compounds you have previously extracted from the data

base.

Step 1 Click on the ADVANCED search tab
Step 2 Click the CLEAR ALL button to remove all previous criteria
Step 3 Select ASSAY from the select menu.

Step 4 Click the ADD CRITERIA button

Step 5 Select the following criteria from the ADD CRITERIA panels for ASSAYS...

-which have measured activities
-of compounds
-in the saved list named

Step 6 Choose comps that lower cholesterol by 2 fold from the select menu

Step 7 Click on the RUN QUERY button

This query selects all assays done for the selected compound list.
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To limit the results to more specific assays...

Step 8 Click ADD CRITERIA and select the following criteria
-which have measured activities

-with IC50 values

-less than

-[0.015]

Step 9 Click the RUN QUERY button

This query selects all assays with IC50 < 0.015um. Combined with the first query,
it selects all assays done for the specified compound list with IC50 < 0.015um.
Step 10 Click on DISPLAY to display the assay list in the LIST DISPLAY area

Step 11 Select SAVE LIST from the MENU button on the LIST DISPLAY panel

Step 12 In the SAVE LIST dialog window, save the list of assays as assays for
cholesterol lowering comps and IC50<0.015um

Exercise 9 ~ Part 3 ~ Steps 3 thru 12
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Exercise 9 ~ Part 4 ~ Visualize the Clustering of Compounds by Assays

We will use the BIO-ACTIVITY MATRIX tool to create a visualization of the clustering
of compounds based on assays.

Step 1 Open the TOOLBOX and choose the BIO-ACTIVITY MATRIX tool from the
DATA VISUALIZATION section.

Step 2 Drag the comps that lower cholesterol by 2 fold list into the COMPOUND
LIST field.

Step 3 Drag the assays for cholesterol lowering comps and 1C50<0.015um
list into the ASSAY LIST field
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Step 4 Click the DISPLAY button

Exercise 9 ~ Part 4 ~ Steps 1 thru 4

EIO-ACTIVITY MATFRIX

Step1
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| Exercise 9 ~ Part 4 ~ DATA VIEW of the Bio-activity Matrix
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L1 1 1 1 |Assay Name

Dopamine D3
Thromboxane Synthetase
Histamine H1, Central
Muscarinic M5
Progesterone
Testosterane

Estrogen ERalpha
HMG-CoA Reductase

Notice how the assays cluster into consistent sets. The compounds show some
similar natural clustering by class.
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Exercise 9 ~ Part 5 ~ Visualize Clustering of Experiments Based on Gene
Expression

In this section, we will use the EXPRESSION EXPERIMENT MATRIX tool to visualize
the clustering of experiments based on gene expression

Step 1 Click on the SEARCH tab and type cholesterol in the FIND TEXT field
Step 2 Select PATHWAY from the WITHIN DOMAIN select menu

Step 3 Click on the DISPLAY button

Step 4 Click on Cholesterol Biosynthesis in the LIST DISPLAY area

This opens the PATHWAY domain report to the right.

Step 5 Select SAVE LIST from the MENU button on the GENES panel of the
PATHWAY domain report.

Step 6 In the SAVE LIST dialog save the list of genes as cholesterol
biosynthesis genes

Step 7 Click on the FAVORITES button on the top of the PATHWAY domain report
and click on ADD TO FAVORITES.

Exercise 9 ~ Part 5 ~ Steps 1 thru 7
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Step 8 Select the WORKSPACE tab.

Step 9 Open the TOOLBOX and select the EXPRESSION EXPERIMENT MATRIX tool
from the DATA VISUALIZATION section.

Step 10 Drag the cholesterol biosynthesis genes list into the GENE LIST field.
Step 11 Drag the Liver exps that lower cholesterol by 2 fold list into the
EXPERIMENT LIST field.
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Step 12 Click the DISPLAY button.
Exercise 9 ~ Part 5 ~ Steps 9 thru 12
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Expression Experiment Matrix output for cholesterol biosynthesis genes gene
list and Liver exps that lower cholesterol by 2 fold
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Notice how the genes and experiments cluster.

Note: The image presented here is derived from an older version of the
Drugmatrix database that did not include Affymetrix data, hence the Expression
Experiment Matrix displayed by the new version of the database will be much
larger and include a number of additional experiments. Also note the greyed
areas are where the Codelink arrays are missing probes for a given gene, hence
there is no measurement.
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Exercise 9 ~ Part 6 ~ Visualize the Effects of Compounds on Pathways

We will now use the PATHWAY VISUALIZATION tool to visualize the effect of
compounds on pathways.

Step 1 Click on the EXPERIMENTS tab in the EXPRESSION EXPERIMENT MATRIX
DATAVIEW visualization panel.
Step 2 Select UNCHECK ALL from the MENU button on that panel.

Step 3 Check the experiments LOVASTATIN-5d-450mg/kg and ETHINYLESTRA-5d-
10mg/kg

Exercise 9 ~ Part 6 ~ Steps 1 thru 3

Step —— EXFREE=ZI0N EXFERIMEMT MATRIX
TT———
SAUVE EXFERIMENT LIST o
SAVE COMFOUNMD LIST E‘
CHECH ALL
Step2 UNGHECHK ALL o L ol %
= EXPO_FET L SR UL L AR E‘
O emaesmanasison,,, eemeesmnaniel [
B
[] CLOMIPHENE-5d-250ma/... CLOMIPHENE Edl
[ CLOMIPHENE-3d-250me/... CLOMIPHENE Bl
[ CLOTRIMAZOLE-S4-178...  CLOTRIMAZOLE Bl
[ CIETHYLSTILE-3d-2.6ma... DIETHYLSTILBESTROL E|
[ DIETHYLSTILE-3d-260ma.. DIETHYLSTILBESTROL |
[ CIETHYLSTILE-5d-2.6ma... DIETHYLSTILBESTROL |
P B
A SadER e sl B
[] ETHINYLESTRA-Sd-1480... ETHINVLESTRADIOL Edl
[] ETHINYLESTRA-3d-1480... ETHINVLESTRADIOL Edl
[ ETHINYLESTRA-3d-10ma/.., ETHINYLESTRADIOL Bl
T ETHINYLESTRA-Sd-10mar.. ETHINVIESTRADIOL Bl
Step3 [ FLUCONAZOLE-5d-394ma... FLUCONAZOLE |
[ FLUCONAZOLE-3d-394ma... FLUCONAZOLE |
MY LovssTarinsdssomar, LovssTenin [

Step 4 Save the experiment list as 2 exps lovastatin & ethinylestradiol

Step 5 Open the TOOLBOX and select the PATHWAY VISUALIZATION tool from the
DATA VISUALIZATION section.

Step 6 Drag the 2 exps lovastatin & ethinylestradiol list from the WORKSPACE
into the EXPRESSION EXPERIMENT LIST field.

Step 7 Drag the cholesterol biosynthesis pathway favorites list from the
WORKSPACE into the PATHWAY FAVORITE field.

Step 8 Click the DISPLAY button.
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Exercise 9 ~ Part 6 ~ Steps 5thru 8

Steps _..: FATHWAY VISUARLIZATION

EXFRESZI0OM EXFERIMEMT LIST

Steps — . 2 exps Lovastatin & Ethinylestradiol |
1

N=2

FATHWAY FAVYORITE

Step7 ——

i‘cholesteml Biosynthesis |

DEFINE FILTER
F VALUE FILTER 1.0

SIGMIFICANCE |

DEFIME PRESENTATION

! DISFLAY TYFE ELOG RATIO -

COLOR RAMNGE EGREEN-WHITE-RED hd

MAX LOG RATIO 0.5
VALUE i

El cRHCEL BEICI=FLAY o pEm———— Stepa

Flip through LOVASTATIN and ETHINYLESTRADIOL experiments, see the different
effects of the two compounds on cholesterol biosynthesis pathway.
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Exercise 9 ~ Part 6 ~ Pathway Visualization DATA VIEW for LOVASTATIN
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Exercise 9 ~ Part 6 ~ Pathway Visualization DATA VIEW for ETHINYLESTRADIOL

Cholesterol Biosynthesis
Log
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You will see every gene has been up-regulated in this pathway in response to the
HMG-CoA reductase inhibitor Lovastatin, and down-regulated in response to
ethinylestradiol. This suggests that the genes in this pathway are highly co-
regulated in response to change in serum cholesterol levels and drug treatment.

Conclusions to Exercise 9

We have navigated through the COMPOUND, ASSAY, EXPRESSION, PATHWAY
domains, used ADVANCE QUERY tool to extract the desired data, used some DATA
TRANSLATION, DATA VISUALIZATON tools to explore and analyze the data. At the
same time, we explored cholesterol lowering mechanisms.
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